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PEEFACE. 



My motive in writing these papers was mainly that 
which prompted the publication of my Eoyal Institution 
lectures ; a desire, namely, to extend sympathy for science 
beyond the hmits of the scientific public. 

The fulfilment of this desire has caused a temporary 
and sometimes reluctant deflection of thought from the 
line of original research. But considering the result 
aimed at, and in part I trust achieved, I do not regret 
the price paid for it, 

I have carefully looked over all the articles here 
printed, added a little, omitted a little — in fact, tried as 
far as my time permitted to render the work presentable. 
Most of the essays are of a purely scientific character, 
and from those which are not, I have endeavoured, with- 
out veiling my convictions, to exclude every word that 
could cause needless irritation. 

From America the impulse came which induced mc to 
gather these ' Fragments ' together, and to my friends in 
the United States I dedicate them. 

John Tyndall. 

Athf.v.kum Club: March 1671. 
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* The pontle Mother of nil 
Showed me the lore of colours and of sounds ; 
The innumerahle tenements of beauty ; 
The miracle of generative force ; 
Far-reaching concords of Astronomy 
Felt in the plants and in the punctual birds ; 
Mainly, the linked purpose of the whole ; 
And, chiefest prize, found I true liberty 
The home of homes plain-dealing Nature gave/ 

Ealfh Waldo Emerson. 
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THE CONSTITUTION OF NATURE, 

We cannot think of space as finite, for wherever in 
imagination we erect a boundary we are compelled to 
think of space as existing beyond that boundary. Thus 
by the incessant dissolution of limits we arrive at a more 
or less adequate idea of the infinity of space. But though 
compelled to think of space as unbounded, there is no 
mental necessity to compel us to think of it either as 
filled or as empty ; whether it is filled or empty must be 
decided by experiment and observation. That it is not 
entirely void, the starry heavens declare ; but the ques- 
tion still remains, are the stars themselves hung in vacuo ? 
Are the vast regions which surround them, and across 
which their light is propagated, absolutely empty? A 
century ago the answer to this question would be, * No, 
for particles of Hght are incessantly shot through space.' 
The reply of modern science is also negative, but on a 
somewhat different ground. It has the best possible 
reasons for rejecting the idea of luminiferous particles ; 
but in support of the conclusion that the celestial spaces 
are occupied by matter, it is able to offer proofe almost as 
cogent as those which can be adduced for the existence 
of an atmosphere round the earth. Men's minds, indeed, 
rose to a conception of the celestial and universal atmo- 
sphere through the study of the terrestrial and local one. 
From the phenomena of sound as displayed in the air, 

b2 



4 FRAGMENTS OF SCIENCE. 

they ascended to the phenomena of light as displayed in 
the ceiher; which is the name given to the interstellar 
medium. 

The notion of this medium must not be considered as 
a vague or fanciful conception on the part of scientific 
men. Of its reality most of them are as convinced its 
they are of the existence of the sun and moon. The 
luminiferous asther has definite mechanical properties. 
It is almost infinitely more attenuated than any known 
gas, but its properties are those of a solid rather than of 
a gas. It resembles jelly rather than air. A body thus 
constituted may have its boundaries ; but, although the 
BBther may not be co-extensive with space, we at all events 
know that it extends as far as the most distant visible 
stars. In fact it is the vehicle of their light, and without 
it they could not be seen. This all-pervading substance 
takes up their molecular tremors, and conveys them with 
inconceivable rapidity to our organs of vision. It is the 
transported shiver of bodies countless millions of miles 
distant, which translates itself in human consciousness 
into the splendour of the firmament at night. 

If the aether have a boundary, masses of ponderable 
matter might be conceived to exist beyond it, but they 
could emit no light. Beyond the aether dark suns might 
burn ; there, under proper conditions, combustion might 
be carried on ; fuel might consume unseen, and metals 
be heated to fusion in invisible fires. A body, moreover, 
once heated there, would continue for ever heated ; a sun 
or planet once molten, would continue for ever molten. 
For the loss of heat being simply the abstraction of mole- 
cular motion by the aether, where this medium is absent 
no cooling could occur. A sentient being, on approach- 
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ing a heated body in this region, would be conscious of 
no augmentation of temperature. The gradations of 
warmth dependent on the laws of radiation would not 
exist, and actual contact would first reveal the heat of 
an extra aethereal sun. 

Imagine a paddle-wheel placed in water and caused to 
rotate. From it as a centre waves would issue in all 
directions, and a wader as he approached the place of 
disturbance would be met by stronger and stronger waves. 
This gradual augmentation of the impressions made upon 
the wader's body is exactly analogous to the augmenta- 
tion of light when we approach a luminous source. In the 
one case, however, the coarse common nerves of the body 
suffice ; for the other we must have the finer optic nerve. 
But suppose the water withdrawn ; the action at a dis- 
tance would then cease, and as far as the sense of touch 
is concerned, the wader would be first rendered conscious 
of the motion of the wheel by the actual blow of the 
paddles. The transference of motion from the paddles 
to the water is mechanically similar to the transference of 
molecular motion from the heated body to the aether; 
and the propagation of waves through the liquid is 
mechanically similar to the propagation of light and 
radiant heat. 

As far as our knowledge of space extends, we are to 
conceive it as the holder of the luminiferous aether, through 
which is interspersed, at enormous distances apart, the 
ponderous nuclei of the stars. Associated with the star 
that most concerns us we have a group of dark planetary 
masses revolving at various distances round it, each again 
rotating on its own axis ; and, finally, associated with 
some of these planets we have dark bodies of minor note 
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•—the moons. Whether the other fixed stars have similar 
planetary companions or not is to us a matter of pure 
conjecture, which may or may not enter into our concep- 
tion of the universe. But probably every thoughtful per- 
son believes, with regard to those distant suns, that there 
is in space something besides our system on which they 
shine. 

Having thus obtained a general view of the present 
condition of space, and of the bodies contained in it, we 
may enquire wliether things were so created at the begin- 
ning. Was space fm-nished at once, by the fiat of Omni- 
potence, with these burning orbs ? To this question the 
man of science, if he confine himself within his own 
limits, will give no answer, though it must be remarked 
that in the formation of an opinion he has better mate- 
rials to guide him than anybody else. He can clearly 
show, however, that the present state of things may be 
derivative. He can even assign reasons which render 
probable its derivative origin — that it was not originally 
what it now is. At all events, he can prove that out of 
common non-luminous matter this whole pomp of stars 
might have been evolved. 

The law of gravitation enunciated by Newton is, that 
every particle of matter in the universe attracts every 
other particle with a force which diminishes as the square 
of the distance increases. Thus the sun and the earth 
mutually pull each other ; thus the earth and the moon 
are kept in company ; the force which holds every re- 
spective pair of masses together being the integrated force 
of their component parts. Under the operation of this 
force a stone foils to the ground and is warmed by the 
shock ; imder its operation meteors plunge into our atmo- 
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sphere and rise to incandescence. Showers of such 
doubtless fall incessantly upon the sun. Acted on by 
this force, were it stopped in its orbit to-morrow, the 
earth would rush towards, and finally combine with, the 
sun. Heat would also be developed by this collision, and 
Mayer, Helmholtz, and Thomson have calcidated its 
amount. It would equal that produced by the combus- 
tion of more than 5,000 worlds of solid coal, all this heat 
being generated at the instant of collision. In the attrac* 
tion of gravity, therefore, acting upon non-luminous 
matter, we have a source of heat more powerful than 
could be derived from any terrestrial combustion. And 
were the matter of the universe cast in cold detached 
fragments into space, and there abandoned to the mutual 
gravitation of its own parts, the collision of the fragments 
would in the end produce the fires of the stars. 

The action of gravity upon matter originally cold may, 
in fact, be the origin of all light and heat, and the proxi- 
mate source of such other powers as are generated by 
light and heat. But we have now to enquire what is the 
light and what is the heat thus produced ? This question 
has already been answered in a general way. Both light 
and heat are modes of motion. Two planets clash and 
come to rest; their motion, considered as masses, is 
destroyed, but it is really continued as a motion of their 
ultimate particles. It is this motion, taken up by the 
aether, and propagated through it with a velocity of 
185,000 miles a second, that comes to us as the light and 
heat of suns and stars. The atoms of a hot body swing 
with inconceivable rapidity, but this power of vibration 
necessarily implies the opemtion of forces between tlie 
atoms themselves. It reveals to us that while they are held 
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together by one force, they nrc kept asunder by another, 
their position at any moment depending ou the equili- 
brium of attraction and repiilsiou. Tlie atoms are virtu- 
ally connected by clastic springs, which oppose at the 
same time tlieir approach and their retreat, but which 
tolerate the vibration called heat. Wlien two bodies drawn 
together by the force of gravity etrike each other, the 
intensity of the ultimate vibration, or, in other wordd, 
Ihe amount of heat generated, is proportional t<t the vitt 
tnvii deatroj-ed by tlic collision. The raolecukr motion 
once set up is instantly shared with the rether, and 
diffused by it througliout space. 

We on the earth's surface live night and day in the 
midst of a3tliei-eal commotion. The medium is never 
BtilL The cloud canopy above us may be tliick enough 
to shut out the liglit of die stars, but this canopy is itself 
A warm body, which radiates its motion through the 
BBther. Tlie earth also is warm, and sends its heat-pulsta 
incessantly fortli. It is the waste of its molecular motion 
in space that chills the earth upon a clear night ; it is tlie 
return of its motion from the clouds which prevents the 
earth's temperature on a cloudy night from falling so low. 
To the conception of space being filled, we must there- 
fore add the conception of ita being in a state of incessant 
tremor. The sources of vibration are the jx)nderable 
masses of the universe. Let us take a sample of these 
and examine it in detail. When we look to our planet 
we find it to be an aggr^ate of solids, liquids, and gases. 
When we look at any one of these, we generally find it 
composed of still more elementary parts. We learn, for 
example, that the water of our rivers is formed by the 
union, in definite proportions, of two gases, oxygen and 
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hydn^eti. We know how to bring these constituents 
together, and to cause them to form water : we also know 
how to analyse the water, and recover from it its two 
constituents. So, likewise, as regards the solid propor- 
tions of the earth. Our chalk hills, for example, are 
formed by a combination of carbon, oxygen, and calcium. 
These are elements the union of which, in definite pro- 
portions, has resulted in the formation of chalk. The 
flints within the chalk we know to be a compound of 
oxygen and silicium, called silica ; and our ordinary clay 
is, for the most part, formed by the union of silicium, 
oxygen, and the well-known hght metal, aluminium. By 
far the greater portion of the earth's crust is compounded 
of the elementary substances mentioned in these few 
lines. 

The principle of gravitation has been already described 
as an attraction which every particle of matter, however 
small, has for every other particle. With gravity there 
is no selection ; no particular atoms choose, by pre- 
ference, other particular atoms as objects of attraction ; 
the attraction of gravitation is proportional to the quan- 
tity of the attracting matter, regardless of its quality. 
But ill the molecular world whicli we have now entered 
matters are otherwise arranged. Here we have atoms 
between which a strong attraction is exercised, and also 
atoms between which a weak attraction is exercised. 
One atom can jostle another out of its place in virtue of 
a superior force of attraction. But though the amount 
of force exerted varies thus from atom to atom, it is still 
an attraction of the same mechanical quality, if I may 
use the term, as that of gravity itself. Its intensity might 
l>e measured in the same wiiy, namely, by the amount uf 
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motion which it can impart in a certain time. Thus the 
attraction of gravity at the earth's surface is expressed 
by the number 32, because, when acting freely on a body 
for a second of time, it imparts to the body a velocity of 
thiily-two feet a second. In like manner the mutual 
attraction of oxygen and hydrogen might be measured 
by the velocity imparted to the atoms in their rushing 
together. Of course such a unit of time as a second is 
not here to be thought of, the whole interval required by 
the atoms to cross the minute spaces which separate them 
not amounting probably to more than an inconceivably 
small fraction of a second. 

It has been stated that when a body falls to the eaith 
it is warmed by the shock. Here we have what we 
may call a mechanical combination of the earth and the 
body. Suffer the falling body and the earth to dwindle 
in imagination to the size of atoms, and for the attraction 
of gravity substitute that of chemical affinity, which is 
the name given to the molecular attraction, we have then 
what is called a chemical combination. The effect of the 
union in this case also is the development of heat, and 
from the amount of heat generated we can infer the 
intensity of the atomic pull. Measured by ordinary 
mechanical standards, this is enormous. Mix eight pounds 
of oxygen with one of hydrogen, and pass a spark through 
tlie mixture ; the gases instantly coii^bine, their atoms 
rushing over the little distances between them. Take a 
weight of 47,000 pounds to an elevation of 1,000 feet 
above the earth's surface, and let it fall ; the energy with 
which it would strike the earth would not exceed that of 
the eight pounds of oxygen atoms as they dash against 
one iK)und of hydrogen atoms to form water. 
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It is sometimes stated that the force of gravity is dis- 
tinguished from all other forces by the fact of its resisting 
couversion into any other. Chemical affinity, it is said, 
can be converted into heat and light, and these again into 
iTuignetisin and electricity. But gravity refuses to be so 
converted ; it is a force wliich maintains itself under all 
circumstances, and is not capable of disappearing to give 
place to another. If by this is meant that a particle of 
matter can never be deprived of its weight, the assertioa 
is correct ; but the law which affirms the convertibility 
of natural forces was never meant, in the minds of those 
who imdei-Btood it, to afBrm that such a conversion as 
that here implied occurs in any case whatever. As I'e- 
gards convertibility into Iieat, gravity and chemical affinity 
stand on precisely the same footing. The ath-action in 
the one case is as indestructible as in the otiier. Nobody 
affirms that when a stone rests upon the surface of the 
eartli the mutual attraction of the earth and stone is 
abolished ; nobody means to affirm tliat the mutual attrac- 
tion of osygen for hydrogen ceases after the atoms have 
aimbined to form water. What is meant in the case of 
chemical affinity is, that the pull of that affinity, acting 
through a certain space, imparts a motion of translation 
of the one atom towai'ds the other. This motion of 
translation is not heat, nor is tlie force tliat produces it 
heat. But wheu the atoms strike and recoil, the motion 
of trauslatiou ts converted into a motion of vibration, and 
this latter motion i^f licat. But the vibration, so far from 
causing the extinction of the original attraction, is in part 
carried on by that attraction. The atoms recoil in virtue 
of the elastic force which opposes actual contact, and in 
the recoil they arc driven too far buck. The original 
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attraction then triumphs over the force of recoil, and 
urges the atoms once more together. Thus, like a pen- 
dulum, they oscillate, until their motion is imparted to 
the surrounding rother ; or, in other words, until their 
heat becomes radiant heat 

In this sense, and in this sense only, is chemical affinity 
converted into heat. There is, first of all, the attraction 
between the atoms ; there is, secondly, space between 
them. Across this space the attraction urges them. They 
collide, they recoil, they oscillate. There is a change in 
the form of the motion, but there is no real loss. It is so 
with the attraction of gravity. To produce motion here 
space must also intervene between the attracting bodies : 
when they strike motion is apparently destroyed, but in 
reality there is no destruction. Their atoms are suddenly 
urged together by the shock ; by their own perfect elas- 
ticity these atoms recoil ; and thus is set up the molecular 
oscillation which announces itself to the nerves as heat 

It was formerly universally supposed that by the colU- 
sion of unelastic bodies force was destroyed. Men saw, 
for example, when two spheres of clay, or painter's putty, 
or lead, were urged together, that the motion possessed 
by the masses prior to impact was more or less annihi- 
lated. They believed in an absolute destruction of the 
force of impact Until recent times, indeed, no difficulty 
was experienced in believing this, whereas, at present, 
the ideas of force and its destruction refuse to be united 
in most philosophic minds. Li the collision of elastic 
bodies, on the contrary, it was observed that tlie motion 
with which they clashed together was in great part re- 
stored by the resiliency of the masses, the more perfect 
the elasticity the more complete being the restitution. 
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This led to the idea of perfectly elastic bodies — bodies 
competent to restore by their recoil the whole of the 
motion which they possessed before impact. 

Hence the idea of the consemation of force, as opposed 
to the destruction of force, which was supposed to occur 
when inelastic bodies met in collision. 

We now know that the principle of conseiTation 
holds equally good with elastic and unelastic bodies. 
Perfectly elastic bodies develope no heat on collision. 
They retain their motion afterwards, though its direction 
may be changed ; and it is only when sensible motion is, 
in whole or in part, destroyed that heat is generated. 
This always occurs in unelastic collision, the heat deve- 
loped being the exact equivalent of the motion extin- 
guished. This heat virtually declares that the property 
of elasticity, denied to the masses, exists among their 
atoms, and by their recoil and oscillation the principle 
of conservation is vindicated. 

But ambiguity in the use of the term * force' has been 
for some time more and more creeping upon us. We called 
the attraction of gravity a force without any reference to 
motion. A body resting on a shelf is as much pulled by 
gravity as when after having been pushed off the shelf it 
falls towards the earth. We applied the term force also 
to that molecular attraction which we called chemical 
affinity. When, however, we spoke of the conservation 
of force in the case of elastic collision, we meant neither 
a pull nor a push, which, as just indicated, might be 
exerted upon inert matter, but we meant the moving 
force^ if I may use the term, of the colliding masses. 

What I have called moving force has a definite me- 
chanical measure in the amount of work that it can 
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perform. The simplest form of work is the raising of a 
weight. A man walking up-hill or up-stairs with a pound 
weight in his hand, to an elevation say of sixteen feet, 
performs a certain amount of work over and above the 
lifting of his own body. If he ascend to a height of 
thirty-two feet he does twice the work ; if to a height of 
forty-eight feet, he does three times the work ; if to 
sixty-four feet he does four times the work, and so on. 
If, moreover, he carries up two pounds instead of one, 
other things being equal, he does twice the work ; if 
three, four, or five pounds, he does three, four, or five 
times the work. In fact it is plain that the work per- 
formed depends on two factors, the weight raised and the 
height to which it is raised. It is expressed by the pro- 
duct of these two factors. 

But a body may be caused to reach a certain elevation 
in opposition to the force of gravity, without being 
actually carried up to the elevation. If a hodman, for 
example, wished to land a brick at an elevation of 
sixteen feet above the place where he stands, he would 
probably pitch it up to the bricklayer. He would thus 
impart, by a sudden effort, a velocity to the brick 
sufficient to raise it to the required height; the work 
accomplished by that effort being precisely the same as 
if he had slowly carried up the brick. The initial 
velocity which must be imparted in the case here 
assumed, is well known. To reach a height of sixteen 
feet, the brick must quit the man's hand with a velocity 
of thirty-two feet a second. It is needless to say that 
a body starting with any velocity, would, if wholly 
unopposed or unaided, continue to move for ever with 
the same velocity. But when, in the case before us, the 
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body is thrown upwards, it moves in opposition to 
gravity, which incessantly retards its motion, and finally 
brings it to rest at an elevation of sixteen feet. If not 
here caught by the bricklayer, it would return to the 
hodman with an accelerated motion, and reach his hand 
with the precise velocity it possessed on quitting it. 

Supposing the man competent to impart to the brick, 
at starting, a speed of sixty-four feet a second, or twice 
its former speed, would the amount of work performed 
in this effort be only twice what it was in the first 
instance? No; it would be four times that quantity. 
A body starting with twice the velocity of another, will 
rise to four times the height ; in hke manner, a three-fold 
velocity will give a nine-fold elevation, a fourfold velocity 
will give a sixteen-fold elevation, and so on. The height 
attained, then, or the work done, is not proportional to 
the velocity, but to the square of the velocity. As before, 
the work is also proportional to the weight elevated. 
Hence the work which any moving masses whatever are 
competent to perform, by the motion which they at any 
moment possess, is jointly proportional to the weight and 
the square of the velocity. Here, then, we have a second 
measure of work, in which- we simply translate the idea 
of height into its equivalent idea of motion. 

In mechanics, the product of the mass of a moving body 
into the square of its velocity, expresses what is called the 
via viva^ or living force. It is also sometimes called the 
' mechanical effect.' If, for example, we point a cannon 
upwards, and start a ball with twice the velocity imparted 
by a second cannon, the ball will rise to four times the 
height. The speedier ball, if directed against a target, will 
also do four times the execution. Hence the importance 
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of imparting a high velocity to projectiles in war. Having" 
thus cleared our way to a perfectly clear ponception of 
the via viva of moving masses, we are prepared for the 
annoimcement that the heat generated by the collision 
of a falling body against the earth is proportiomd to 
the via viva annihilated. In point of fact, it is not an 
annihilation at all, but a transference of via viva from the 
mass, to its ultimate particles. This, as we now learn, is 
proportional to the square of the velocity. In the case, 
therefore, of two cannon balls of equal weight, if one 
strike a target with twice the velocity of the other, it vrill 
generate four times the heat ; if with three times the 
velocity it will generate nine times the heat, and so on. 

Mr. Joule has shown that in falling from a height of 
772 feet, a body will generate an amount of heat 
sufficient to raise its own weight of water one degree 
Fahrenheit in temperature. We have here the niecham^ 
cal equivalent of heat. $Iow, a body falling from a height 
of 772 feet, has, upon striking the earth, a velocity of 
223 feet a second ; and if this velocity were imparted 
to a body, by any other means, the quantity of heat 
generated by the stoppage of its motion would be that 
stated above. Six times that velocity, or 1,338 feet, 
would not be an inordinate one for a cannon ball as it 
quits the gun ; but if animated by six times the velocity, 
thirty-six times the hoat will, be generated by the 
stoppage of its motion. Hence a cannon ball moving 
with a velocity of 1,338 feet a second, would, by 
collision, generate an amount of heat competent to raise 
its own weight of water 36 degrees Fahrenheit in tempe- 
rature. If composed of iron, and if all the heat generated 
were concentrated in tlie ball itself, its temperature would 
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be raised about 360 d^rees Fahrenheit ; because one 
degree in the case of water is equivalent to about ten 
d^rees in the case of iron. In artillery practice the 
heat generated is usually concentrated upon the front of 
the bolt, and on the portion of the target first struck. 
By this concentration the heat developed may become 
suffidently intense to raise the dust of the metal to incan- 
descence, a flash of hght often accompanying coUisioa 
with the target. 

Let us now fix our attention for a moment on the 
gunpowder which urges the cannon ball. This is com- 
posed of combustible matter, which if burnt in the open 
air would yield a certain amount of heat. It will not 
yield this amount if it performs the work of urging a 
balL The heat then generated by the gunpowder will 
&11 short of that produced in the open air, by an amount 
equivalent to the vis viva of the ball ; and this exact 
amount is restored by the ball on its collision with the 
target. In this perfect way are heat and mechanical 
motion connected. 

Broadly enunciated, the principle of the conservation 
of force asserts that the quantity of force in the uni- 
verse is as unalterable as the quantity of matter ; that 
it is alike impossible to create force and to annihilate it. 
But in what sense are we to understand this assertion ? 
It would be manifestly inappUcable to the force of gravity 
as Newton defined it ; for this is a force varying inversely 
as the square of the distance, and to afiirm the constancy 
of a varying force would be self-contradictory. Yet, 
when the question is properly understood, gravity forms 
no exception to the law of conservation. Following the 
method pursued by Helmholtz, I will here attempt an 
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elementary exposition of this law, which, though des- 
tined in its apphcatioiis to produce momentous changes 
in human thought, is not difficult of comprehension. 

For the sake of simplicity we mil consider a particle 
of matter, which we may call f, to be perfectly fixed, 
and a second movable particle, D, placed at a distance 
from F. We will assume tliat these two particles attract 
each other according to the Newtonian law. At a certain 
distance the attraction is of a certain definite amount, 
which might be determined by means of a spring balance. 
At half this distance the attraction would be augmented 
four times ; at a third of the distance it would be aug- 
mented nine times ; at one-fourth of the distance sisteea 
times, and so on. In every case the attraction might be 
measured by determining, with the spring balance, the 
amount of tension which is just sufficient to prevent D 
from moving towards F, Thus far we have nothing 
whatever to do with motion ; we deal with statics, not 
with dynamics. We simply take into account the dis- 
tance of D from F, and the pull exerted by gravity at that 
distance. 

It is customary in mechanics to represent the magni- 
tude of a force by a line of a certain length, a force of 
double magnitude being represented by a line of double 
length, and so on. Placing then the particle D at a dis- 
tance from F, we can in imagination draw a straight line 
from D to F, and at D erect a perpendicular to this line, 
which shall represent the amount of the attraction exerted 
on D in this position. If D be at a very great distance 
from F the attraction will be very small, and the perpen- 
dicular consequently verj' short. Let us now suppose 
that at every point in the line joining f and d a perjieu- 
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dicular is erected proportional in length to ihe attraction 
exerted at that point ; we should thus obtain an infinite 
number of perpendiculars of gradually increasing length 
as D approaches F. Uniting the ends of all these perpen- 
diculars, we should obtain a curve, and between this 
curve and the straight line joining F and D we should 
have an area containing all the perpendiculars placed side 
by side. Each one of this infinite series of perpendiculars 
representing an attraction, or tension as it is sometimes 
called, the area just referred to represents the total efibrt 
capable of being exerted by the tensions upon the particle 
D, during its passage from its first position up to F. 

Up to the present point we have been dealing with 
tensions, and not with motion. Thus far vis viva has 
been entirely foreign to our contemplation of D and f. 
Let us now suppose D placed at a practically infinite dis- 
tance from F ; here the pull of gravity would be nothing, 
and the perpendicular representing it would dwindle to 
a point. In this position the sum of the tensions capable 
of being exerted on D would be a maximum. Let d 
now begin to move in obedience to the attraction exerted 
upon it. Motion being once set up, the idea of vis viva 
arises. Li moving towards f the particle D consumes, 
as it were, the tensions. Let us fix our attention on d 
at any point of the path over which it is moving. Be- 
tween that point and F there is a quantity of imused 
tensions ; beyond that point the tensions have been all con- 
sumed, but we have in their place an equivalent quantity 
of vis viva. After D has passed any point, the tension pre- 
viously in store at that point disappears, but not without 
having added, during the infinitely small duration of 
its action, a due amount of motion to that previously 

c 2 
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possessed by D. The nearer d approaches to F, the smallef 
is the sum of the tensions remaming, but the gi'eater is the 
living force ; the farther D is from f, the greater is the sum 
of the unconsumed tensions, and the less is the Hving force. 
Now the principle of conservation affirms not the constancy 
of the value of the tensions of gravity, nor yet the con- 
stancy of the vis viva, taken separately, but the absolute 
constancy of tlie value of the sum of both. At the begin- 
ning the vis viva was zero and the tension area was a 
maximum ; close to P the vis viva is a maximum, while 
the tension area is zero. At every other point the work- 
producing power of the particle D consists in part of vis 
viva and in part of tensions. 

If gravity, instead of being attraction, were repulsion, 
when the particles are in contact, the sum of the tensions 
between two material particles D and f would be a masi- 
mum, and the vis viva zero. If D, in obedience to the 
repulsion, moved away from f, vis viva would be gene- 
rated; and the farther D retreated from F the greater 
would be its vvs viva, and the less the amount of tension 
still available for producing motion. Taking repulsion 
into account as well as attraction, the principle of the 
Conservation of force affirms that the mechanical value of 
the tensions and vires vivce of the material universe is a 
constant quantity. The universe, in short, possesses two 
kinds of property which are mutually convertible at an 
unvarying rate. The diminution of either carries with it 
the enhancement of the other, the total value of the 
property remaining unclianged. 

The considerations that we have here applied to gravity 
apply equally to chemical affinity. In a mixture of 
oxygen and hydrogen the atoms exist apart, but by the 
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application of proper means they may be caused to rush 
together across the space that separates tliem. While this 
space exists, and as long as the atoms have not begun to 
move towards each other, we have tensions and nothing 
else. During their motion towards each oUier the ten- 
sions, as in the case of gravity, arc converted mto vis 
viva. After they clash we have still vis viva, but in 
another form. It was translation, it is vibration. It was 
molecular transfer, it is heat. The same considerations 
apply to a mixture of hydrogen and chlorine. When 
these gases are mingled in the dark they remain separate, 
but if a sunbeam fall upon tlie mixture the atoms rush 
tf^ether with detonation. Ilcre also we have tension 
converted into molecular translation, and molecular trans- 
lation into heat and sound. 

It ia possible to reverse these processes, to unlock the 
embrace of the atoms and replace them in their first 
positions. But to accomplish this as much heat would be 
required as was generated by their union. Such reversals 
occur daily and hourly in nature. By the solar waves, the 
oxygen of water is divorced from its hydrogen in the 
leaves of plants. As molecular vis viva the waves dis- 
appear, but in so doing they re-endow the atoms of 
oxygen and hydrogen with tension. Tlie atoms are thus 
enabled to re-combine, and when they do so they restore 
the precise amount of heat consumed in their separation. 
The same remarks apply to the compound of carbon and 
oxygen, called carbonic acid, which is exhaled from our 
lungs, produced by our fires, and found sparingly diffused 
everywhere throughout the air. In the leaves of plants 
the simbeams also wrench these atoms asunder, and 
sacrifice themselves in the act ; but when the plants are 
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burnt the amount of heat consumed in their pvoductJOff 
is restored. 

This, then, is the rhythmic play of nature as regards 
her forces. Throughout all her regions she oscillates 
from tension to vis viva, from wis viva to tension. We 
have the same play in the planetary system. The earth's 
orbit is an ellipse, one of the foci of which is occupied by 
tlje sun. Imagine the earth at the most distant part of 
the orbit. Her motion, and consequently her vis viva, is 
then a minimum. The planet rounds the curve, and 
begins to approach the sun. In front it has a store of ten- 
sions, which is gradually consumed, an equivalent amount 
of t»is viva being generated. When nearest to the sun 
the motion, and consequently tlie vis viva, is a maximum. 
But here the available tensions have been used up. The 
earth rounds this portion of the curve and retreats from 
the sun. Tensions are now stored up, but vis viva is 
lost, to be again restored at the expense of the comple- 
mentary force on the opposite side of the curve. Thus 
beats the heart of the universe, but without increase or 
diminution of its total stock of force. 

I have thus far tried to steer clear amid confusion by 
fixing the mind of the reader upon things rather tlian 
upon names. But good names are essential ; and here, 
as yet, we are not provided with such. We have had the 
force of gravity and living force — two utterly distinct 
things. We have had pulls and tensions; and we might 
have had the force of heat, the force of light, the force of 
magnetism, or the force of electricity — all of which terras 
have been employed more or less loosely by writers on 
physics. This confusion is happily avoided by the intro- 
duction of the term ' energy,' embracing under it both 
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tension and via viva. Energy is possessed by bodies al- 
ready in motion ; it is then actual, and weonqgree to call 
it actual or dynamic energy. It is our old via viva. On 
the other hand, energy is possible to bodies not in motion, 
but which, in virtue of attraction or repulsion, possess a 
power of motion which wonld realise itsdf if all* hin- 
drances were removed. Looking, for example, at gravity, 
a body on the earth's surface in a position from which it 
cannot fall to a lower one possesses no energy. It has 
neith^ motion nor power of motion. But the same body 
suspended at a height above the e^rth has a power of 
motion though it may not have exercised it. Energy is 
possible to such a body, and we agree to call this potential 
energy. It embraces our old tensions. We, moreover, 
speak of the conservation of energy instead of the con- 
servation of force ; and say that the sum of the potential 
and dynamic enei^es of the material universe is a constant 
quantity, 

A body cast upwards consumes the actual energy of 
projection, and lays up potential energy. When it 
reaches its utmost height all its actual energy is con- 
sumed, its potential energy being then a maidmum. 
When it returns, there is a reconversion of the potential 
into the actual. A pendulum at the limit of its swing 
possesses potential energy ; at the lowest point of its arc 
its enei^ is all actual. A patch of snow reating on a 
mountain slope has potential energy ; loosened, and 
shooting down as an avalanche, it possesses dynamic 
energy. The pine-trees growing on the Alps have poten- 
tial energy ; but rushing down the Holzrinne of the- 
woodcutters they possess actual energy. The same is 
true of the mountains themselves. As long as the rocks. 
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which compose them can fall to a lower level, they p 
potential enei^, which is converted into actual when the 
frost ruptures their cohesion and hands them over to the 
action of gravity. The hammer of the great bell of 
Westminster, when raised before striking, possesses po- 
tential energy; when it falls, the energy becomes dyna- 
mic ; and after the stroke, we have the rhythmic play of 
potential and dynamic in the vibrations of the bell. The 
same holds good for the molecular oscillations of a healed 
body. An atom is pressed sigainst its neighbour, and 
recoils. But the ultimate amplitude of the recoil is soon 
attained, the motion of the atom in that direction is 
checked, and for an instant its energy ia all potential. 
It is then drawn towards its neighbour with accele- 
rated speed, tlins, by attraction, converting its potential 
into dynamic energy. Its motion in this direction is also 
finally checked, and, for an instant, again its energy is all 
potential. It again retreats, converting, by repulsion, its 
potential into dynamic energy, till the latter attains a 
maximum, after which it is again changed into potential 
energy. Thus, what is true of the eai-th, as she swings 
to and fro in her yearly journey romid the sun, is also 
true of her minutest atom. We have wheels within 
wheels, and rhythm within rhythm. 

When a body ia heated, a change of molecular arrange- 
ment always occurs, and to produce this change heat 
is consumed. Hence, a portion only of the heat com- 
municated to the body remains as dynamic enei^. 
Looking l)ack on some of the statements made at the 
beginning of this article, now tliat our knowledge is more 
extensive, we see the necessity of quahfying them. When, 
for example, two bodies clash, heat is generated ; 
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the heat, or molecular dynamic enei^, developed at the 
moment of collision, is not the equivalent of the sensible 
dynamic energy destroyed. The true equivalent is this 
heat, plus the potential energy conferred upon the mole- 
cules by the placing of greater distances between them. 
This molecular potential energy is afterwards, on the 
cooling of the body, converted into heat 

Wherever two atoms capable of uniting together by 
their mutual attractions exist separately, they form a 
store of potential energy. Thus our woods, forests, and 
coal-fields on the one hand, and our atmospheric oxygen 
on the other, constitute a vast store of energy of this 
kind — ^vast, but far firom infinite. We have, besides our 
coal-fields, bodies in the metallic condition more or less 
sparsely distributed in the earth's crust. These bodies 
can be oxydised, and hence are, so far as they go, stores 
of potential energy. But the attractions of the great 
mass of the earth's crust are already satisfied, and from 
them no further energy can possibly be obtained. Ages 
ago the elementary constituents of our rocks clashed 
together and produced the motion of heat, which was 
taken up by the ssther and carried away through stellar 
space. It is lost for ever as far as we are concerned. In 
those ages the hot conflict of carbon, oxygen, and calcium 
produced the chalk and limestone hills which are now 
cold; and firom this carbon, oxygen, and calcium no 
further energy can be derived. And so it is with almost 
all the other constituents of the earth's crust. They took 
their present form in obedience to molecular force ; they 
turned their potential energy into dynamic, and gave it 
to the universe ages before man appeared upon this 
planet. For him a residue of potential energy remains, 
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vast tnily in relation to the life and wants of an inffl 
vidual, but exceedingly noinute in comparison with the 
earth's primitive store. 

To sum up. The whole stock of energy or working- 
power in the world consists of attractions, repulsions, and 
motions. If the attractions and repulsions are so circum- 
stanced as to be able to produce motion, they are sources 
of working-power, but not otherwise. As stated a mo- 
meut ago, the attraction exerted between the earth and a 
body at a distance from the earth's surface is a source of 
working-power ; because the body can be moved by the 
attraction, and in faUing to the earth can perfonn work. 
When it rests upon the earth's surface it is 7iot a source 
of power or energy, because it can fall no further. But 
though it has ceased to be a source of energy, the attrac- 
tion of gravity still acta as a force, which holds the earth 
and weight together. 

The same remarks apply to attracting atoms and mole- 
cules. As long as distance separates them, they can move 
across it in obedience to the attraction, and the motion 
thus produced may, by proper appliances, be caused to 
perform mechanical work. Wlien, for example, two 
atoms of hydrogen unite with one of oxygen, to form 
water, the atoms are first drawn towards each other — 
they move, they clash, and then by virtue of their re- 
siliency, they recoil and quiver. To this quivering motion 
we give the name of heat. Now this atomic vibration 
is merely the redistribution of the motion produced by 
the chemical affinity; and this is the only sense in which 
chemical affinity can be said to be converted into heat. 
We must not imagine the chemical attraction destroyetl, 
or convt?rtcd into anything else. For the atoms when 
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mutually clasped to fonn a molecule of water, are held 
tc^ther by the very attraction which first drew them 
towards each other. That which has really been ex- 
pended is the pull exerted through the space by which 
the distance between the atoms has been diminished. 

If this be understood it will be at once seen that gravity 
may in this sense be said to be convertible into heat ; that 
it is in reality no more an outstanding and inconvertible 
agent, as it is sometimes stated to be, than chemical aiB- 
nity. By the exertion of a certain pull through a certain 
space a body is caused to clash with a certain definite 
velocity against the earth. Heat is thereby developed, 
and this is the only sense in which gravity can be said to 
be converted into heat. In no case is the force which 
produces the motion annihilated or changed into any- 
thing else. The mutual attraction of the earth and weight 
exists when they are in contact as when they were sepa- 
rate ; but the ability of that attraction to employ itself in 
the production of motion does not exist. 

The transformation, in this case, is easily followed by 
the mind's eye. First, the weight as a whole is set in 
motion by the attraction of gravity. This motion of the 
mass is arrested by collision with the earth, being broken 
up into molecular tremors, to which we give the name of 
heat. 

And when we reverse the process, and employ those 
tremors of heat to raise a weight, as is done through the 
intermediation of an elastic fluid in the steam-engine, a 
certain definite portion of the molecular motion is de- 
stroyed in raising the weight. In this sense, and this 
sense only, can the heat be said to be converted into 
gravity, or more correctly, into potential energy of 
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gravity. It is not that the destructiou of the '. 
created any new attraction, but simply that the old at- 
traction has now a power conferred upon it, of exerting 
a certain definite pull in the interval between the starting- 
point of the falling weight and its collision with the earth. 

When, therefore, writers on the conservation of energy 
speak of tensions being ' consumed ' and ' generated,' they 
do not mean thereby that old attractions have been anni- 
hilated, and new ones brought into existence, but that, in 
the one case, the power of the attraction to produce 
motion has been diminished by the shortening of the dis- 
tance between the attracting bodies, and that in the other 
case the power of producing motion has been augmented 
by tlie increase of the distance. These remarks apply to 
all bodies, whether they be sensible masses or molecules. 

Of the inner quaUty that enables matter to attract 
matter we know notliing ; and the law of conservation 
makes no statement regarding that quality. It takes the 
facts of attraction as they stand, and affirms only the 
constancy of working-power. That power may exist in 
the form of motion ; or it may exist in the form of force, 
with distance to act through. The former is dynamic 
enei^, the latter is potential energy, the constancy of the 
sum of both being affirmed by the law of conservation. 
The convertibility of natural forces consists solely in trans- 
formations of dynamic into potential, and of potential 
into dynamic energy, which are incessantly going on. In 
no other sense has the convertibility of force, at present, 
any scientific meaning. 
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PRATER AND NATURAL LAW. 

Tire aspects of nature are more varied and impressive in 
Alpine regions than ebewhere. Tlie mountains in their 
setting of deep blue sky; the glow of firmament and 
peaks at simrise and sunset ; the formation and distribu- 
tion of clouds; the descent of rain, hail, and snow; the 
stealthy slide of glaciers and the rush of avalanches and 
rivers; the fury of storms; thunder and lightning, with 
their occasional accompaniment of blazing woods ; — all 
these things tend to excite the feelings and to bewilder 
the mind. In this entanglement of plienomcna it seems 
hopeleas to seek for law or orderly connection. And be- 
fore the thought of law dawned upon the human mind 
men naturally referred these inexplicable effects to per- 
sonal agency. The savage saw in the fall of a cataract 
the leap of a spirit, and the eclioed thunder-peal was to 
him the hammer-clang of an exasperated god. Propitia- 
lion of tlicse terrible powers was the consequence, and 
sacriSce was offered to the demons of earth and air. 

But observation tends to cha-sten the emotions and to 
check those structural efforts of the intellect which have 
emotion for their base. One by one natural phenomena 
have been associated with their proximate causes ; and the 
idea of direct pei-sonal voUtion mixing itself in the economy 
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of nature is retreating more and more. Many of us fear 
this tendency ; our faith and feelings are dear to us, and 
we look with suspicion and dislike on any philosophy, 
the apparent tendency of which is to dry up the soul. 
Probably every change from ancient savagery to oiu- pre- 
sent enlightenment excited, in a greater or less d^ree, a 
fear of this kind. But the fact is, that we have not yet 
determined whether the form imder which they now 
appear in the world is necessary to the life and warmth 
of religious feeling. We may err in hnking the imperish- 
able with the transitory, and confound the living plant 
with the decaying pole to which it cHngs. My object, 
however, at present is not to argue, but to mark a ten- 
dency. We liave ceased to pro]>itiate the powers of 
Natiu:e — ceased even to pray for things in manifest con- 
tradiction to natural laws. In Protestant countries, at 
least, I think it is conceded that the age of miracles is past. 

The general question of miracles is at present in able 
ind accomplished hands ; and were it not so, my polemical 
acquirements are so limited, that I should not presume to 
enter upon a discussion of this subject on its entire merits. 
But there is one little outlying point, which attaches itself 
to this question, on which a student of science, without 
quitting the ground which strictly belongs to him, may 
offer a remark. 

At the auberge near the foot of the Rhone glacier, I 
met in the summer of 1858, an athletic young priest, who, 
€lfter a solid breakft^t, including a bottle of wine, in- 
formed me that he had come up to ' bless the mountains.' 
This was the annual custom of the place. Year by year 
the Highest was entreated, by official intercessors, to make 
such meteorological arrangements as should ensure food 
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and shelter for tlie flocks and iiords of the Valaisians. A 
divereion of the Rhone, or a deepening of the river's bed, 
would have been of incalculable benefit to the inhabitants 
of the valley at the time I now mention. But the priest 
would have shrunk from the idea of asking the Omnipo- 
tent to open a new channel for the river, or to cause a 
portion of it to flow over the Grimsel pass, and down the 
vale of Oberhasli to Brientz. This he would have deemed 
a miracle, and he did not come to ask the Creator to per- 
form mirflcles, but to do something whicli he manifestly 
lliought lay quite within the bounds of the natural and 
non-miraculous. A Protestant gentleman who wag pre- 
sent at the time, smiled at this recital. He had no faith 
in the priest's blessing, still he deemed his prayer different 
ID kind from a request tfl open a new river-rut, or to 
caU9e the water to flow up-hill. 

In a similar manner we Protestants smile at the hone.=t 
Tyrolese priest, who, when he feared the bursting of a 
glaaer dam. offered the sacrifice of the mass upon the ice 
ns a means of averting the calamity. That poor man 
did not expect to convert the ice into adamant, or to 
Btrengthen its texture so af to enable it to withstand the 
pressure of Uie water; nor did he expect that his sacrifice 
would cause the stream to roll back upon its source and 
relieve him, by a miracle, of its presence. But beyond 
the boundarie.« of his knowledge lay a region where rain 
was generated he knew not how. He was not so pre- 
sumptuous as to expect a miracle, but lie firmly believed 
that in yonder cloud-land matters could be so arranged, 
without trespass on the miraculous, that the stream which 
Ihreatenetl him and his flock should be caused to shrink 
irithin its proper bounds. 



34 



FRAGMENTS OF SCIENCE. 



Both theae priests fashioned that which they did not 
understand to their respective wants and wishes. In their 
case imagination wrought, unconditioned by a knowledge 
of laws. A similar state of mind was long prevalent 
among mechanicians ; many of whom, and some of them 
extremely skilful ones, w«re occupied a century ago with 
the question of a perpetual motion. They aimed at con- 
structing a machine whjch should execute work without 
the expenditure of power ; and many of them went mad 
in the pursuit of this object. The faitli in such a con- 
aumraation, involving as it did immense personal interest 
to the inventor, was extremely exciting, and every attempt 
to destroy tliis faith was met by bitter resentment on the 
part of those who held it. Gradually, however, as men 
became more and more acquainted with the true fiinctiona 
of machinery, the dream dissolved. The hope of getting 
work out of mere mechanical combinations disappeared; 
but still there remained for the speculator a cloud-land 
denser' than that which filled tlie imagination of the 
Tyrolese priest, and out of which he still hoped to evolve 
perpetual motion. There was the mystic store of chemic 
force, which nobody understood ; there were heat and 
light, electricity and magnetism, all competent to produce 
mechanical motions.' Here, then, ia the mine in which 
we must seek our gem. A modified and more refined 
form of the ancient faith revived ; and, for aught I know, 
a remnant of sanguine designers may at the present 
moment be engaged on the problem which like-minded 
men in former years left unsolved. 

And why should a perpetual motion, even under 
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modem conditiona, be impossible ? The answer to this 
question is the statement of that great generalisation of 
modem science, which is known under the name of the 
Conservation of Energy. This principle asserts that no 
power can make its appearance in Nature without an 
equivalent expenditure of some other power ; that natural 
agents are so related to each other as to be mutually 
ccHivertible, but that no new agency is created. Light 
runs into heat ; heat into electricity ; electricity into 
magnetism ; magnetism into mechanical force ; and me- 
chanical force again into light and heat. The Proteus 
changes, but he is ever the same ; and his changes in 
Nature, supposing no miracle to supervene, are the ex- 
pression, not of spontaneity, but of physical necessity. 
A perpetual motion, then, is deemed impossible, because 
it demands the creation of force, whereas the principle of 
Conservation is, no creation but infinite conversion. 

It is an old remark that the law which moulds a tear 
also rounds a planet. In the application of law in Nature 
the terms great and small are unknown. Thus the prin- 
ciple referred to teaches us that the Italian wind ghding 
over the crest of the Matterhoru is as firmly ruled as the 
earth in its orbital revolution round the sun ; and that 
the fall of its vapour into clouds is exactly as much a 
matter of necessity as the return of the seasons. The 
dispersion therefore of the slightest mist by the special 
volition of the Eternal, would be as much a miracle as 
the rolling of the Rhone over the Grimsel precipices and 
down Haslithal to Brientz. 

It seems to me quite beyond the present power of 
science, to demonstrate that the Tyrolese priest, or his 
colleague of the Rhone valley, asked for an ' impossi- 
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bility" m praying for good weather; but science can 
demonstrate the incompletenesa of tlie knowledge of 
Nature which hmited their prayers to this narrow ground ; 
and she may lessen the number of instances in wliich we 
' ask amiss,' by showing that we soraelimea pray for the 
performance of a miracle when we do not intend it. She 
does assert, for example, that without a disturbance of 
natural law, quite as serious as the stoppage of an 
eclipse, or the rolling of the St. Lawrence up the Falls 
of Niagara, no act of humihation, individual or national, 
could call one shower from heaven, or deflect towards ua 
a single beam of the sun. 

Those, therefore, who beheve that the miraculous is still 
active in nature, may, with perfect consistency, join in 
our periodic prayers for fair weather and for rain : while 
those who hold that the age of miracles is past, will refuse 
to join in such petitions. And if these latter msh to iall 
back upon such a justification, they may fairly urge that 
the latest conclusions of science are in perfect accordance 
with the doctrine of the Master himself, which manifestly 
was that the distribution of natural phenomena is not 
affected by moral or religious causes. ' He maketh His 
sun to rise on the evil and on the good, and sendeth rain 
on the just and on the unjust.' Granting ' the power of 
Free Will in man,' so strongly claimed by Professor 
Mansel in his admirable defenceof the belief in miracles, 
and assuming tlie elBcacy of free prayer to produce 
changes in external natm'e, it necessarily follows that 
natural laws are more or less at the mercy of man's 
volition, and no conclusion fbmided on the assumed per- 
manence of those laws would be woithy of confidence. 

It is a wholesome sign for Enghnid tliat she inimbcni 
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among her clei^ men wise enough to understand all 
lliia, and courageous enough to act up to their know- 
ledge. Such men do service to the pubUc character 
by encouraging a manly and intelligent conflict with the 
causes of disease and scarcity, instead of a delusive 
reliance on supernatural aid. But they have also a 
value beyond this local and temporary one. They 
prepare the public mind for changes, which though 
inevitable, could hardly, without such preparation, be 
wrought without violence. Iron is sti'ong ; still, water 
in crystallising will shiver an irou envelope, and the more 
nnyielding the metal is, the worse for its safety. There 
are men amongst us who would encompass philosophic 
speculation by a rigid envelope, hoping thereby to restrain 
it, but in reality giving it explosive force. If we want 
an illustration of this we have only to look at modern 
Eorae. In England, thanks to men of the stamp to which 
I have alluded, scope is gradually given to thought for 
changes of aggregation, and tlie envelope slowly alters its 
form in accordance with the necessities of the time. 




TLe praumftta origin of the foregoing aligbt urticle, Knd probablj tbe 
remoter origin of tfae next following one, waa this. Some ywn Ago, d da; 
of prajer and humiliation, on Account of a bftd harvcflt, -was nppointad b; 
the proper religious ftuthorities; but certain clprgymen of the Church of 
England, doubting the wisdom of the demonatration, declined to join in the 
aervicea of the daj. For this act of nonconformity they were severely 
cenaured by some of their brethren. Rightly or wrongly, my sympathies 
were on the aide of these men ; and, to lend them a helping hand in their 
Btruggle Hgainat odds, I inserted tbe foregoing chapter in the little book 
mentioned on the title-page. Some time aubsequently I received from » 
gentleman of great weight and distinction in the scientific world, and. 1 
beliere, of perfect orthodoxy in the religious one, a note directing m; 
attention to an exceedingly thoughtful article on Prayer and Cholera in 
the ' PdU Mall Gatette,' My eminent correspondent deemed tbe article a 
fur answer to the remarks made 1>y me in 1861. I, also, was struck by tlie 
temper and ability of the article, but I could not deem its arguments 
satisfactory, and in a short note to the editor of the ' Pall Mall Gazette ' I 
TSQtured to state so much. This letter elicited some very able repliea, and 
a second leading article was also devoted to tbe subject. In answer to all, I 
risked the publication of a second letter, and soon afterwards, by an ex- 
tremely courteous note from the editor, the discussion wan closed. 

Though thus stopped locally, the discussion flowed in other directions. 
Sermons were preached, essays n^ere published, articles were written, while 
a copiooB correspondence occupied the pages of some of tbe religious news- 
papers. It gave me sincere pleasure to notice that the discussion, save in 
a few cases where natural coarseness had tbe upper hand, waa conducted 
with a minimum of vituperation. The severity shown waa hardly more 
than BufBcient to demonstrate earnestness, while gentlemaoly feeling was 
too predominant to permit that eamestoess to contract itself to bigotry or 
to clothe itself in abiiRC. T( wns prnbnbly the memory of thia discusMon 
which caused another excellent friend of mine to recommend to my perusal 
the exceedinglj able work which in the next article I have eodeavoured to 
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* Mr. Mozley*8 book belongs to that class of writang of which Batler may 
be taken as the type. It is strong, genuine argument about difficult 
matters, fairly tracing what is difficult, fairly trying to grapple, not with 
what appears the gist and strong point of a question, but with what really 
at bottom is the knot of it. It u; a book the reasoning of which may not 
satisfy everyone. . . . But we think it is a book for people who wish to see 
a great subject handled on a scale which befits it, and with a perception of 
its real elements. It is a book which will have attractions for those who 
like to see a powerful mind applying itself, without shrinking or holding 
back, without trick or reserve or show of any kind, as a wrestler closes 
body to body with his antagonist, to the strength of an adverse and power- 
ful argument.' — The Times, Tuesday, June 5, 1866. 

* We should add, that the faults of the work are wholly on the surface 
and in the arrangement ; that the matter is as solid and as logical as that of 
any book within recent memory, and that it abounds in striking passages, of 
which we have scarcely been able even to give a sample. No future arguer 
against miracles can afford to pass it over.' — Saturday Heview, September 15, 
1866. 



UTRACLES AND SPECIAL PBOVTDEKCES. 

h is my privilege to enjoy the friendship of a select 
number of religious men, with whom I converse frankly 
upon theological subjects, expressing without disguise the 
notions and opinions I entertain regarding their tenets, 
and hearing in return these notions and opinions subjected 
to criticism. I have thus far found them liberal and 
loviug men, patient in hearing, tolerant in reply, who 
know how to reconcile the duties of courtesy with the 
earnestness of debate. From one of these, nearly a year 
ago, I received a note, recommending strongly to my 
attention the volume of ' Bampton Lectures ' for 1865, in 
which the question of miracles is treatetl by Mr. Mozley. 
Previous to receiving this note, I had in part made the 
acquaiutance of the work, through the able and elaborate 
review of it which had appeared in the 'Times.' The 
combined effect of the letter and the review was to make 
the book the companion of my summer tour in tlic Alps, 
There, during the wet and snowy days which were only 
loo prevalent last year, and during the days of rest in- 
leqiolated between days of toil, I made myself more 
thoroughly conversant with Mr. Mozley's volume. I 
found it clear and strong — an intellectual tonic, as bracing 
and plcasaut to my mind as the keen air of the mountaius 
was to my body. From time to time I jotted down 
my ihuughts regarding it, iutendiug afterwards if time 
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pamitted, to wcrt :bg:: ::p Hi:- x coherent whole. Other 
duties, howevtff, ini^fe^i whh the cajrying out of this 
inie&tioiu aad wiat I V7«e j^s sammer I now publish, 
Dd hoping within i^t reftsocabSe time to be able to 
itender my defezice of sc«trSir method mcxe complete. 

Mr. Mozky refers a: the odset of his task to the 
movement igaxz^ss mirK^es wt:Si:ii of kte years has taken 
place, and which dietermined his dwice of a subject. 
He acquits modem scieDce cf ha[ving had any great share 
in the producdon of this movement The objecticm 
i^aiDst miradesw he says, dois ooi arise firom any minute 
knowledge of the law^ of naxure. but simphr because they 
are exposed to that piain and obvioos ddtf of nature 
which ererybody aees^ The present movement is^ he 
thinks, to be ascribed to the greator earnestness and 
penetration of the present we. Formerly miracles were 
accepted without quesdccu because withooi reflection; 
but the exerdse of what Mr. Modcr calls the historic 
jmafrinafinfi is a characteristic of our own time. Men are 
now accustomed to place be&ffe themadves vivid images 
of historic £sun^ and when a miracle rises to view, 
they halt befi»re the astoundii^ occurrtoice, and realiang 
it with the same deamess as if it were now passing 
before their eyes» they ask themsdves* *Gan this have 
taken place?* In some instances the eflfort to answer 
this qnesticHi has led to a disbelief in miracles, in others 
to a strengthening of belief The end and aim of Mr. 
Mozley'a lectures is to show that the strengthening of 
bdiaf is the logical result which ought to follow frcHn 
die ezaminalicm <tf the CeictB. 

empts have been made by religious men to bring 
i|rture miracles within the scoj^e of the order of 
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nature, but all such attempts are rejected by Mr. Mozley 
as utterly futile and wide of the mark. Begarding 
miracles as a necessary accompaniment of a revelation, 
thdr evidential value in his eyes depends entirely upon 
their deviation fix>m the order of nature. Thus deviating, 
they suggest and illustrate to him a power higher than 
nature, a ^ personal will ; ' and they commend the person 
in whom Z power is vested as a messenger fi^mon 
high. Without these credentials such a messenger would 
have no right to demand belief, even though his asser- 
ti(xis regarding his divine mission were backed by a 
holy life. Nor is it by miracles alone that the order of 
nature is, or may be, disturbed. The material universe 
is also the arena of ^ special providences.' Under these 
two heads Mr. Mozley distributes the total preternatural. 
One form of the preternatural may shade into the other, 
as one colour passes into another in the rainbow ; but 
while the line which divides the specially providential 
fiom the nuraculous cannot be sharply drawn, their dis- 
tinction broadly expressed is this, that while a special 
providence can only excite surmise more or less probable, 
it is * the nature of a miracle to give proof, as distin- 
guished from mere surmise of divine design/ 

Mr. Mozley adduces various illustrations of what he 
regards to be special providences as distinguished from 
miracles. * The death of Arius,' he says, ' was not mira- 
culous, because the coincidence of the death of a here- 
siarch taking place when it was peculiarly advantageous 
to the orthodox &ith .... was not such as to compel 
the inference of extraordinary Divine agency ; but it was 
a special providence, because it carried a reasonable 
ap|)earance ot it. The miracle of the Thundering Legion 
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was a spec'ial providonee, but not a ralraclo, for the same 
reason, because the coincidence of an instantaneous fall 
of rain in answer to prayer carried some appearance, 
but not proof, of preternatural agency.' The eminent 
lecturer's remarks on this head brought to my recollec- 
tion certain narratives published in Methodist magazines, 
which I used to read with avidity when a boy. The title of 
these chapters, if I remember aright, was ' The Providence 
of God asserted,' and in them the most extraordinary and 
exciting escapes from peril were recounted and ascribed 
to prayer, while equally wonderful instances of calamity 
were adduced as illustrations of Divine retribution. In 
such magazines, or elsewhere, I found recorded the case 
of the celebrated Samuel Hick, which, as it illustrates a 
whole class of special providences, approaching in con- 
clusiveness to miracles, is worthy of mention here. It is 
related of this holy man — and I, for one, have no doubt 
of his holiness — that flour was lacking to make the sacra- 
mental bread. Grain was present, and a windmill was 
present, but there was no wind to giind the com. With 
faith, imdoubting Samuel Hick prayed to the Lord of the 
winds : the sails turned, the corn was ground, after which 
the wind ceased. According to the canon of the Bampton 
Lecturer, this, though carrying a strong appearance of an 
immediate exertion of Divine energy, lacks by a hair's- 
breadth the quality of a miracle. For the wind might 
have arisen, and might have ceased, in the ordinaiy 
course of nature. Hence the occurrence did not ' compel 
the inference of extraordinary Divine agency.' In like 
manner Mr. Mozley considers that ' the appearance of 
the cross to Conslantine was a miracle, or a special pro- 
vidence, according to which account of it we adopt. As 
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only a meteoric appearance in the shape of a cross it 
gave Bome token of preternatural agency, but not full 
evidence/ 

In the Catholic canton of Switzerland where I now 
write, and still more among the pious Tyrolese, the 
mountains are dotted with shrines, containing offerings 
of all kinds, in acknowledgment of special mercies — legs, 
feet, arms, and hands of gold, silver, brass, and wood, 
according as worldly possessions enabled the grateful 
heart to express its indebtedness. Most of these offerings 
are made to the Virgin Mary. They are recognitions of 
' special providences,' wrought through the instrumentality 
of the Mother of God. Mr. Mozley's belief, that of the 
Methodist chronicler, and that of the Tyrolese peasant, 
are substantially the same. Each of them assumes that 
Nature, instead of flowing ever onward in the uninter- 
rupted rhythm of cause and effect, is mediately ruled by 
the free human will. As regards direct action upon 
natural phenomena, man's will is confessedly powerless, 
but it is the trigger which, by its own free action, libe- 
rates the Divine power. In this sense, and to this extent, 
man, of course, commands nature. 

Did the existence of this belief depend solely upon the 
material benefits derived from it, it could not, in my 
opinion, last a decade. As a purely objective fact we 
should soon see that the distribution of natural pheno- 
mena is unaffected by the merits or the demerits of man ; 
that the law of gravitation crushes the simple worshippers 
of Ottery St. Mary, while singing their hymns, just as 
surely as if they were engaged in a midnight brawl. 
The hold of this belief upon the human mind is not due 
to outward verification, but to the inner warmth, forre, 



46 



FRAGMENTS OF SCIENCE. 



and elevation with which it ia commonly associated. It 
is plain, however, that these feelings may exist under the 
most various forms. They are not limited to Church of 
England Protestantism — they are not even limited to 
Christianity. Though less refined, they are ceitainly not 
less strong, in the heart of the Methodist and the 
Tyrolese than in the heart of Mr. Mozley. Indeed, those 
feelings belong to the primal powers of man's nature. 
A 'sceptic' may have them. They find vent in the 
battle-cry of the Moslem. They take hue and form in 
the hunting-grounds of the red Indian ; and raise all of 
them, as they raise the Christian, upon a wave of victory, 
above the terrors of the grave. 

The character, then, of a miracle, as distinguished from 
a special providence, is that the former ftimishes proof, 
while in the case of the latter we have only surmise. 
Dissolve the element of doubt, and the alleged fact passes 
from the one class of the preternatural into the otlier. 
In other words, if a special providence coidd be proved 
to be a special providence, it would cease to be a special 
providence and become a miracle. There is not the 
least cloudiness about Mr, Mozley's meaning here. A 
special providence is a doubtful miracle. Wliy, then, 
not use the correct phraseology ? The terra employed 
conveys no negative suggestion, whereas the negation of 
certainty is the peculiar characteristic of the thing in- 
tended to be expressed. There is an apparent unwilling- 
ness on the part of Mr. Mozley to call a special providence 
what his own definition makes it to be. Instead of 
speaking of it as a doubtful miracle, he calls it 'an 
invisible miracle.' He speaks of the point of contact of 
supernatural power with the chain of causation being so 



MIRACLES AND SPECIAL PROVIDENCES. 



47 



high up as to be wholly, or in part, out of sight, whereas 
ibe essence of a special providence is the uncertainty 
whether there is any contact at all, either high or low. 
By the use of an incorrect term, however, a grave danger 
is avoidetl- For the idea of doubt, if kept systematically 
before the mind, would soon be fatal to the special provn- 
dence as a means of etlification. The term employed, on 
the contrary, invites and encourages the trust which is 
necessary to supplement the evidence. 

This inner trust, though at first rejected by Mr. Mozley 
in favour of estemal proof, is subsequently called upon 
to do momentous duty with regard to miracles. When- 
ever the evidence of the miraculous seems incommen- 
surate with the fact which it has to estabhsh, or rather 
when the fact is so amazing that hardly any evidence is 
sufficient to estabhsh it, Mr. Mozley invokes ' the affec- 
tions.* They must urge the reason to accept the con- 
closion from which unaided it recoils, Tlie affections 
and emotions are eminently the court of appeal in matters 
of real religion, which is an affair of tlie heart, but they 
are not, I submit, the court in which to weigh allegations 
regarding the credibility of physical facts. Tliese must 
be judged by the dry light of the intellect alone, appeals 
to the affections being reserved for cases where moral 
elevation, and not Iiistoric conviction, is the aim. It is, 
moreover, because the result, in the case under conside- 
ration, is deemed desirable that the affections are called 
upon to back it. If undesirable, they would, with equal 
right, be called upon to act the other way. Even to the 
disciplined scientiflc mind this would be a dangerous , 
doctrine. A favourite theory — the desire to establish or 
avoid a certain result — can so warp the mind as to destroy 
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its power of estimating facts. I have known men to 
work for years under a fascination of this kind, unable 
to extricate themselves from its fatal influence. They 
had certain data, but not, as it happened, enough. By 
a process exactly analogous to that invoked by Mr. Moz- 
ley they supplemented the data, and went wrong. From 
that hour their intellects were so blinded to the percep- 
tion of adverse phenomena that they never reached truth. 
If, then, to the disciplined scientific mind, this incon- 
gruous mixture of proof and trust be fraught with danger, 
what must it be to the indiscriminate audience which Mr. 
Mozley addresses ? In calling upon this agency he acts 
the part of Frankenstein. It is the monster thus evoked 
that we see stalking abroad, in the so-called spiritualistic 
phenomena of the present day. Again, I say, where the 
aim is to elevate the mind, to quicken the moral sense, 
to kindle the fire of religion in the soul, let the affections 
by all means be invoked ; but they must not be per- 
mitted to colour our reports, or to influence our accept- 
ance of reports of occurrences in external nature. Testi- 
mony as to natural facts is usually worthless when wrapped 
in this atmosphere of the affections, the most earnest 
subjective truth being thus rendered perfectly com- 
patible with the most astounding objective error. 

There are questions in judging of which the affections 
or sympathies are often our best guides, the estimation of 
moral goodness being one of these. But at this precise 
point, where they are reaUy of use, Mr. Mozley excludes 
the affections, and demands a miracle as a certificate of 
character. He will not accept any other evidence of the 
perfect goodness of Christ. * No outward life or con- 
duct,' he says, ' however irreproachable, could prove His 
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perfect sinlessness, because goodness depends upon the 
inward motive, and the perfection of the inward motive 
is not proved by the outward act' But surely the 
miracle is an outward act, and to pass from it to the 
inner motive imposes a greater strain upon logic than 
that involved in our ordinary methods of estimating men. 
There is, at least, moral congruity between the outward 
goodness and the inner life, but there is no such con- 
gruity between the miracle and the Ufe within. The test 
of moral goodness laid down by Mr. Mozley is not the 
test of John, who says, * He that doeth righteousness is 
righteous ;' nor is it the test of Jesus — ' By their fruits ye 
shall know them \ do men gather grapes of thorns, or figs 
of thistles ? ' But it is the test of another : * If thou be 
the Son of God, conmiand that these stones be made 
bread/ For my own part, I prefer the attitude of Fichte 
to that of Mr. Mozley. ' The Jesus of John,' says this 
noble and mighty thinker, * knows no other God than the 
True God, in whom we all are, and live, and may be 
blessed, and out of whom there is only Death and 
Nothingness. And he appeals, and rightly appeals, in 
support of this truth, not to reasoning, but to the inward 
practical sense of truth in man, not even knowing any 
other proof than this inward testimony, " If any man will 
do the will of Him who sent me, he shall know of the 
doctrine whether it be of God." ' 

Accepting Mr. Mozley's test, with which alone I am 
now dealing, it is evident that, in the demonstration of 
moral goodness, the quantity of the miraculous comes into 
play. BEad Christ, for example, limited himself to the 
conversion of water into wine. He would have fallen 
short of the performance of Jannes and Jambres, for it is 
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a smaller thing to convert one liquid into another than to 
convert a dead rod into a living serpent. But Jannes 
and Jambres, we are informed, were not good. Hence, 
if Mr. Mozley's test be a true one, a point must exist, on 
the one side, of which miraculous power demonstrates 
goodness, while on the other side it does not How is 
this ^ point of contrary flexure' to be determined? It 
must lie somewhere between the magicians and Moses, 
for within this space the power passed from the diabolical 
to the Divine. But how to mark the point of passage — 
how, out of a purely quantitative difference in the visible 
mauifcstation of power we are to infer a total inversion of 
quality — it is extremely difficult to see. Moses, we are 
informed, produced a large repule, Jannes and Jambres 
produced a small one. I do not possess the intellectual 
faculty which would enable me to infer from those data 
either the goodness of the one or the badness of the 
other ; and in the highest recorded manifestations of the 
miraculous I am equally at a loss. Let us not play fast 
and kx^^ with the miraculous ; either it is a demonstra- 
tion of goodnos? in all cases or in none. If Mr. Mozley 
accepts Christ's goodness as transcendent, because He did 
such works as no other man did, he ought, logically 
speaking, to accept the works of those wlio, in His name, 
had cast out devils, as demonstrating a proportionate good- 
ness on their part. But it is people of this class who are 
consigned to everlasting fire prepared for the devil and 
his angels. Such zeal as that of Mr. Mozley for miracles 
tends, I fear, to eat his religion up. The logical 
threatens to stifle the spiritual. The truly religious soul 
needs no miraculous proof of tlie goodness of Christ. 
The words addressed to Matthew at the receipt of custom 
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required no miracle to produce obedience. It was by no 
stroke of the supernatural that Jesus caused those sent to 
seize him to go backward and fall to the ground. It was 
the subhme and holy effluence from within, which 
needed no prodigy to commend it to the reverence even 
of his foes. 

As r^ards the function of miracles in the founding of 
a religion, Mr. Mozley institutes a comparison between 
the religion of Christ and that of Mahomet, and he 
derides the latter as * irrational ' because it does not pro- 
fess to adduce miracles in proof of its supernatural origin. 
But the religion of Mahomet, notwithstanding this draw* 
back, has thriven in the world, and at one time it 
held sway over larger populations than Christianity 
itself. The spread and influence of Christianity are, how- 
ever, brought forward by Mr. Mozley as ' a permanent, 
enormous, and incalculable practical result * of Christian 
miracles; and he actually makes use of this result to 
strengthen his plea for the miraculous. His logical 
warrant for this proceeding is not clear. It is the method 
. of science, when a phenomenon presents itself, to the 
production of which several elements may contribute, to 
exclude them one by one, so as to arrive at length at the 
truly eflective cause. Heat, for example, is associated 
with a phenomenon; we exclude heat, but the pheno- 
menon remains: hence, heat is not its cause. Mag- 
netism is associated yrith a phenomenon; we exclude 
magnetism, but the phenomenon remains: hence, mag- 
netism is not its cause. Thus, also, when we seek the 
cause of the diffusion of a religion — whether it be due 
to miracles, or to the spiritual force of its founders — 
we exclude the miracles, and, finding the result un- 
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changed, we infer that miracles are not the effective cause. 
This important experiment Mahometaniara has made for 
U3, It has Uved and spread without miracles ; and to 
assert, in the face of this, that Christianity has spread 
because of miracles, is not more opposed to the spirit of 
science than to the common sense of mankind. 

The incongruity of inferring moral goodness from 
miraculous power has been dwelt upon above ; in 
another particular also the strain put upon miracles by 
Mr. Mozley is, I think, more than they can bear. In 
consistency with his principles, it is difficult to see how 
he is to draw from the miracles of Christ any certain 
conclusion as to his Divine nature. He dwells very 
forcibly on what he calls ' the argument from experience," 
in the demohtion of which he takes evident delight. 
He destroys the argument, and repeats it for the mere 
pleasure of again and again knocking the breath out of 
it. Experience, he uigea, can only deal with the past ; 
and the moment we attempt to project experience a 
hair's-breadth beyond the point it has at any moment 
reached, we are condemned by reason. It appears to 
me that when he infers from Christ's miracles a Divine 
and altogether superhuman energy, Mr. Mozley places 
himself precisely under this condemnation. For what is 
his logical ground for concluding that the miracles of the 
New Testament illustrate Divine power ? May they not 
be the result of expanded human power? A miracle 
he defines as something impossible to man. But how 
does he know that the miracles of the New Testament 
are impossible to man ? Seek as he may he has ab- 
solutely no reason to adduce save this — that man has 
never hitherto accomplished such things. But does the 



MIRACLES AND SPECIAL PROVIDENCES. 53 

&ct that man has never raised the dead prove that he 
mn never raise the dead? ' Assuredly not,' must be Mr. 
Mozley's reply; 'for this would be pushing experience 
beyond the liinit it has now reached^^ — ^which I pronounce 
unlawful/ Then a period may come when man will be 
able to raise the dead. If this be conceded — and I do 
not see how Mr. Mozley can avoid the concession — it 
destroys the necessity of inferring Christ's divinity from 
his miracles. He, it may be contended, antedated the 
humanity of the future ; as a mighty tidal wave leaves 
high upon the beach a mark which by-and-by becomes the 
general level of the ocean. Turn the matter as you will, no 
other warrant will be found for the all-important conclu- 
sion that Christ's miracles demonstrate Divine power, than 
an argument which has been stigmatised by Mr. Mozley as 
* a rope of sand ' — the argument from experience. 

The learned Bampton Lecturer woidd be in this posi- 
tion even if he had seen with his own eyes every miracle 
recorded in the New Testament. But he has not seen 
these miracles; and his intellectual plight is therefore 
worse. He accepts these miracles on testimony. Why 
does he believe that testimony ? How does he know that 
it is not delusion; how is he sure that it is not even 
falsehood ? He will answer that the writing bears the 
mark of sobriety and truth ; and that in many cases the 
bearers of this message to mankind sealed it with their 
blood. Granted with all my heart ; but whence the value 
of all this ? Is it not solely derived from the fact that 
men, as we know ihem^ do not sacrifice their lives in the 
attestation of that which they know to be untrue ? Does 
not the entire value of the testimony of the apostles 
depend iJtimately upon our experience of human nature ? 
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It appears, therefore, that those who alleged to have 
seen the miracles based their inferences from what they 
saw on the argument from experience ; and that Mr. 
Mozley bases his belief in their testimony on the same 
argument. The weakness of liis conclusion is augmented 
by tliis double insertion of a principle of belief to which 
he flatly denies rationality. Hia reasoning, in fact, cuta 
two ways — if it destroys our trust io the order of Nature, 
it far more effectually abolishes the basis on which Mr. 
Mozley seeks to found the Christian religion. 

Over this argument from experience, which at bottom 
is his ailment, Mr. Mozley rides rough-shod. There 
is a dash of scorn in the energy with which he 
tramples on it. Probably some previous writer Iiad made 
too much of it, and thus invited his powerful assault 
Finding the difficulty of behef in miracles to arise from 
their being in contradiction to the order of nature, he 
seta himself to examine the grounds of our belief in that 
order. With a vigour of logic rarely equalled, and with 
a confidence in its conclusions never surpassed, he disposes 
of this belief in a manner calculated to startle those who, 
without due examination, had come to the conclusion that 
the order of nature was secure. 

What we mean, he says, by our belief in the order of 
nature, is the belief that the future will be like the past. 
There is not, according to Mi-. Mozley, the slightest 
rational basis for this belief. 

' That an; cause in nature is more permanent than its 
existing and known effects, extending further, and about to 
produce other and more instances beBides what it has produc«d 
already, we have no evidence. Let ua imagine,' he eontiDU(«, 
' the occurrence of a particular physiciil phenomenon for A 
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Gnt time. Upon that aiogte occurrence we should have but 
the very faintest expectation of another. If it did occur again, 
M<x or twice, so far from counting on another occurrence, a 
TMnation would occur as the most natural event to us. But 
let it continue one hundred times, and we should find no 
lieritatioo in inviting j>er8oa8 from a distance to see it ; and if 
it occurred erery day for years, ita occiurence would be a cer- 
tainty to us, its cessation a marvel M'hat ground of 

nwon can we assign for an expettation that any part of the 
«mr»e of nature will be the next moment what it has been up 
to this moment, i.e. for oiu' belief in the uniformity of nature ? 
Xone. No demonstrative reason can be given, for the con- 
trary to the recurrence of a fact of nature is no contradiction. 
^u probable reason can \>e given, for all probable reasoning 
rwpecting the course of nature is foiuided upon this presump- 
tiun of likeness, and therefore cannot be the foundation of iL 
Jfo reason can be given for this belief. It is without a reason, 
ft rests upon no rational grounds and can be traced to no i-a- 
liooal principle.' 

' Eveiythiiig,' Mr. Mozley, however, adds, ' depends 
Ljxiu ihis belief, every provision we make for the future, 
every safeguard and caution we employ against it, all 
calculalioQ, all adjustment of means to ends suppuses thia 
belief; and yet this belief has no more producible rea^n 

for it than a speculation of fancy It is necessary, 

all-important for the purposes of life, but solely practical, 

and possesses no int«Uectual character The |)roper 

function,' continues Mr. Mozley, ' of the inductive prin- 
ciple, the argument from experience, the belief in the 
order of nature — by whatever phrase we designate the 
same instinct — is to operate as a practical basis for the 
affairs of life and the carrying on of human society.' To 
sum up, tlie belief in the order of nature ia general, but it 
is ' an unintelligent impulse, of whidi we can give no 
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nikmal aocoanL' It is inserted in our constitution soldy 
to induce us to till our fidds, to nise our winter fuel, and 
thus to meet the future on the perfectly gratuitous sup- 
position that that future will be like the past 

* Thus step by step,' saysHr. Mozley, with the emphasis 
of a man who feels his position to be a strong one, ^ has 
philosophy loosened the connection of the order of nature 
with the ground of reason, befriending in exact proportion 
as it has done this the principle of miracles.' For ^ this 
belief not having itself a foundation in reason, the ground 
is gone upon which it could be maintained that miracles, 
as opposed to the order of nature, are opposed to reason.' 
When we r^ard this belief in connection with science, 
^ in which connection it receives a more imposing name, 
and is called the inductive principle,' the result is the 
same. ^ The inductive principle is only tiiis unreasoning 

impulse applied to a scientifically ascertained fact 

Science has led up to the fact, but there it stops, and for 
converting this fact into a law, a totally unscientific prin- 
ciple comes into play, the same as that which generalises 
the commonest observation of nature.' 

The eloquent pleader of the cause of miracles passes 
over without a word the results of scientific investigation 
as proving anything rational regarding the principles or 
methods by which such results have been achieved. Here, 
as before, he declines the test, * By their fruits shall ye 
know them.' Perhaps the best way of proceeding will 
be to give one or two examples of the mode in which 
men of science apply the unintelligent impulse with 
which Mr. Mozley credits them, and which shall show by 
illustration the surreptitious character of the method by 
vhich they climb from the region of facts to that of laws. 
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It was known before the aisteenth century that, the 
end of an open tube being dipped into water, on drawing 
an air-tight piston up the tube the water follows the piston, 
and this iaot had been turned to account in the construc- 
tion of the common pump. The effect was explained at 
the time by the maxim, ' Nature abhors a vacuum.' It 
waa not known that there was any limit to the height to 
which the water would ascend, until, on one occasion, the 
gardeners of Florence, while attempting to raise the 
water a very great elevation, foimd that the column 
ceased at a heigiU of tliirty-two feet. Beyond this all 
the skill of the pump-maker could not get it to rise. 
The fact was brought to the notice of Galileo, and he, 
soured by a world which had not treated his science over 
kindly, is said to have twitted the philosophy of the time 
by remarking that nature evidently abhorred a vacuum 
ouly to a height of thirty-two feet. But Galileo did not 
solve the problem. It was taken up by his pupil Torricelli, 
who pondered it, and while he did so various thoughts 
r^arding it arose in his mind. It occurred to him that 
the water might be forced up in the tube by a pressure 
applied to the surface of the water outside. But where, 
under the actual circumstances, was such a pressure to be 
found ? After much reflection, it flashed upon Torricelli 
that the atmosphere might possibly exert the pressure ; 
that the impalpable air might possess weight, and that 
a column of water thirty-two feet high might be of the 
exact weight necessary to hold the pressure of the at- 
mosphere in equilibrium. 

There is much in this process of pondering and its 
results which it is impossible to analyse. It is by a kind 
"f inspiriitioii that we rise from the wifrc and ^sedulous 
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coiitein{dadoQ of fMrts to the principles on 

depend. The mind is. as it were, a photographic 

which is graduallT deanaed by the efibrt to think r 

and which when so deansed, and not before, re 

impresaons from the light of truth. This passage 

&cts to principles is called induction, which in its 1 

form is inspiration ; but, to make it sure, the inward 

must be shown to be in accordance with outwar 

To prove or disprove the induction, we must res 

deduction and espariment. 

TorriceUi reasoned thus—If a column of wrater 

two feet high holds the pressure of the atmospl 

equihbriunu a shorter column of a heavier liquid 

to do the same. Xow, mercury is thirteen times 1 

than water ; hence, if my induction be correct, 

mosphere ought to be able to sustain only thirty 

of mercury. Here, then, is a deduction which < 

immediately submitted to experiment. TorriceUi 

glass tube a yard or so in length, closed at one ei 

open at the other, and filling it with mercury, he s 

the open end with his thumb and inverted it in i 

filled with the liquid metal. One can imagine th 

ing with which TorriceUi removed his thumb, a 

delight he experienced when he foimd that his t 

had forestalled a fact never before revealed to 

^yes» The column sank, but ceased to sink at a 

of thirty inches, leaving the Torricellian vacuun 

head. From that hour the theory of the pun 

^tablished. 

"^e celebrated Pascal followed TorriceUi with 

•^•W deduction. He reasoned thus— If the un 

^ be supported by the atmosphere, the hig 
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asstnl in the air the lower the column ought to sink, 
for the less will be the weight of the air overhead. He 
ascended the Puy de Dome, carrying with him a baro- 
metric column, and fouud that as he ascended the moun- 
laiu the column sank, and that aa he descended the 
column rose. 

Between the time here referred to and the present, 
raillioufi of experiments have been made upon this subject, 
Eveiy village pump is an apparatus for such experiments. 
In thousands of instances, moreover, pumps have refused 
to work ; but on examination it has infallibly been found 
ifiat the well waa dry, that the pump required priming, 
or that some other defect in the apparatus accounted for 
the anomalous action. In every case of the kind the 
bIuU of the pump-maker has been found to be the true 
remedy. In oo case has the pressure of the atmosphere 
ceased ; constancy, as regards the lifting of pump-water, 
haa been hitherto the demonstrated rule of nature. So 
also as regards Pascal's experiment. His experience has 
been the universal experience ever since. Men have 
climbed mountains, and gone "up in balloons; but no 
deviation from Pascal's result haa ever been observed. 
Barometers, like pumps, have refused to act ; but instead 
of indicating any suspension of the openitiona of nature, 
or any interference on the part of its Author with atmo- 
Miheric pressure, examination haa in every instance fixed 
the anomaly upon the instruments themselves. It is this 
welding, then, of rigid logic to verifying fact that Mr. 
Mozley refers to an ' unreasoning impulse.' 

Let us now briefly consider the case of Newton. Be- 
fore his time men had occupied themselves with the pro- 
blem of the solar system, Kepler had deduced, fiom a 
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vaet mass of observations, the general expressions of 
planetary motion known as 'Kepler's Laws.' It had 
been observed that a magnet attracts iron ; and by one 
of those flashes of inspiration which reveal to the human 
mind tlie vast in the minute, the general in the particular, 
it occurred to Kepler, that the force by which bodies fall 
to the earth might also be an attraction. Newton pon- 
dered all these things. He had a great power of ponder- 
ing, lie could look into the darkest subject until it 
became entirely luminous. How this light arises we can- 
not explain ; but, as a matter of fact, it does arise. Let 
me remark here, that this power of pondering facts is one 
with which the ancients could be but imperfectly ac- 
quainted. They found the uncontrolled exercise of the 
imagination too pleasant to expend much time in gather- 
ing and brooding over facta. Hence it is that when those 
whose education has been derived from the ancients 
speak of 'the reason of man,' they are apt to omit from 
their conception of reason cue of its greatest powers. 
Well, Newton slowly marshalled his thoughts, or rather 
they came to hira while he ' intended his mind,' rising one 
after another like a series of intellectual births out of 
chaos. He made this idea of attraction his own. But to 
apply the idea to the solar system, it was necessary to 
know the magnitude of the attraction and the law of its 
variation with the distance. His conceptions first of all 
passed from the action of the earth as a whole, to that of 
its constituent particles, the integration of which composes 
the whole. And persistent thought brought more and 
more clearly out the final divination, that every particle 
of matter attracts every other particle by a force which 
varies inversely as the square of the distance between the 
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particles. This is Newton's celebrated law of inverse 
sqaarea. Here we have the flower and outcome of hia 
induction ; and how to verify it, or to disprove it, was 
the next question. The first step of Newton in this 
diret^tion was to prove, mathematically, that if this law of 
attraction be the true one ; if the earth be constituted 
of particles which obey this law ; then ttie action of a 
sphere equal to the earth in size on a body outside of it, 
is the same as that which would be exerted if the whole 
nmss of the sphere were contracted to a point at its centre. 
Practically speaking, then, the centre of the earth is the 
point from which tlistances must be measured to bodies 
attracted by the earth. This was the first-fruit of his 
deduction. 

From esperimenta executed before his time, Newton 
knew the amount of the earth's attraction at the earth's 
surface, or at a distance of 4,000 miles from its centre. 
His object now was to measure the attraction at a greater 
distance, and thus to determine the law of its diminution. 
But how was he to find a body at a sufficient distance? 
He had no balloon, and even if he had, he knew that any 
height whicli he could attain would be too small to 
enable him to solve his problem. What did he do ? lie 
fixed hb thoughts upon the moon ; — a body at a distance 
of 240,000 miles, or sixty times the earth's radius fiom 
the earth's centre. He virtually weighed the moon, and 
found that weight to be ^jnr^'^ of what it would be at 
the earth's surface. This is exactly what his theory re- 
quired, I will not dwell here upon the pause of Newton 
after his first calculations, or speak of his self-denial in 
withholding them, because they did not quite agree with 
the observations then at his command. Newton's action 
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in this matter is the normal action of the scientific mind. 
If it were otherwise — ^if scientific men were not accus- 
tomed to demand verificaticMQ — if they were satisfied 
with the imperfect while the perfect is attainable, their 
science, instead of being, as it is, a fortress of adamant, 
would be a house of day, ill-fitted to bear the bufietings 
of the theologic storms to which it has been from time 
to time, and is at present exposed. 

Thus we see that Newton, Uke Torricelli, first pondered 
his fiicts, illuminated them with persistent thought, and 
finaUy divined the character of the force of gravitation. 
But having thus travelled inward to the principle, he had 
to reverse his steps, carry the principle outward, and 
justify it by demonstrating its fitness to external nature. 
This he did by determining the attraction of the earth 
and moon. 

And here, in passing, I would notice a point which is 
well worthy of attention. Kepler had deduced his laws 
fix)m observation. As far back as those observations 
extended, the planetary motions had obeyed these 
laws; and neither Kepler nor Newton entertained a 
doubt as to their continuing to obey them. Year 
after year, as the ages rolled, they believed that those 
laws would continue to illustrate themselves in the 
heavens. But this was not sufficient. The scientific 
mind can find no repose in the mere r^istration of 
sequence in nature. The further question intrudes itself 
with resistless might: whence comes the sequence? 
What is it that binds the consequent with its antecedent 
in nature ? The truly scientific intellect never can attain 
rest until it reaches the forces by which the observed 
succession is produced. It was thus with Torricelli ; it 



MIRACLES AKI} -SPECIAL VROVIDEXCE-S. 



was thus with Newton ; il is thua pre-eminently with tlie 
real 8cientific man of to-day. In common witii the most 
ignorant., he shares the belief that spring will succeed 
winter, thai summer will succeed spring, that autumn 
will succeed summer, and that winter will succeed autumn. 
But he knows still further — and this knowledge is 
essential to hia intellectual repose — that this succession, 
besides being permanent, is, under the circumstances, 
Ttecessfiry ; that the gravitating force exertetl between the 
8UD, and a revolving spliere with an axia inclined to the 
plane of its orbit, must produce the observed succession 
of the seasons. Not until this relation between forces 
and phenomena has been established is the law of reason 
rendered concentric vfith the law of nature, and not until 
this is effected does the mind of the ecientiiic pliilosophcr 
rest in peace. 

The expectation of likeness, then, in the procession of 
phenomena is not that on wfiich the scientific mind 
founds its behef in the order of nature. If the force be 
permanent the phenomena are mcessary, whether they 
resemble or do not resemble anything that has gone 
before. Hence, in judging of the order of nature, our 
enquiries eventually relate to the permanence of force. 
From Galileo to Newton, from Newton to our own time, 
eager eyes have been scanning the heavens, and clear 
heads have been pondering the phenomena of the solar 
Byatein. The same eyes and minds have been also ob- 
serving, experimenting, and reflecting on tlie action of 
gravity at the surface of the earth. Nothing has occurred 
to indicate that the operation of the law has for a moment 
been suspended ; nothing has ever intimated that nature 
has been crossed by spontjineous action, or tliat a state of 
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things at any time existed %vhich could not be rigort 
deduced from the preceding state. Given the distributjon 
of matter and the forces in operation in the time of 
Galileo, the competent mathematician of that day could 
predict what is now occurring in our own. We calculate 
eclipses before they have occurred and find them true to 
the second. We determine the dates of those that have 
occurred in the early times of history, and find calcula- 
tion and history at peace. Anomalies and perturbations 
in the planets have been over and over again observed, 
but these, instead of demonstrating any inconstancy on 
the part of natiu-al law, have invariably been reduced to 
consequences of that law. Listead of referring the per- 
turbations of Uranus to any interference on the part of 
the Author of nature with the law of gravitation, the 
question which the astronomer proposed to himself was, 
*how, in accordance with this law, can the perturbation 
be produced ? ' Guided by a principle, he was enabled 
to fix the point of space in which, if a mass of matter 
were placed, the observed perturbations would follow. 
We know the result. The practical astronomer turned 
his telescope towards the region which the intellect of the 
theoretic astronomer had already explored, and the planet 
now named Neptune was found in its predicted place. A 
very respectable outcome, it will be admitted, of an im- 
pulse which 'rests upon no rational grounds, and can be 
traced to no rational principle ; ' which possesses ' no 
intellectual character ; ' which ' philosophy ' has uprooted 
from * the ground of reason,' and fixed in that ' large 
irrational department ' discovered for it, by Mr. Mozley, 
in the hitherto unexplored wildernesses of tlie human 
mind. 
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The proper function of the inductive principle, or tiio 
belief in the order of nature, says Mr. Mozley, is ' to act 
as a practical basis for the affairs of life, and the carrying 
m of human society.' But what, it may be asked, has 
llie planet Neptune, or the belts of Jupiter, or the wliite- 
ness about the poles of Mars, to do with the affaira of 
flociety? How is society affected by the fact that tlie 
sun's atmosphere contains sodium, or that the nebula of 
Orion contains hydrogen gas? Nineteen-twentietha of 
the force employed in the exercise of the inductive prin- 
ciple, which, reiterates Mr. Mozley, ia 'purely practical,' 
Iiave been expended upon subjects as unpractical as these. 
What practical interest has society in the fact that the 
spot^ on the sun have a decennial period, and that when 
a magnet is closely watched for half a century, it is 
found to perform small motions which synchronise with 
the appearance and disappearance of the solar spots? 
And yet, I doubt not. Sir Edward Sabine would deem a 
life of intellectual toil amply rewarded by being pri- 
ii*eleged to solve, at its close, these infinitesimal motions. 

The inductive principle is founded in man's desire to 
know — a desire arising from his position among pheno- 
mena wluch are reducible to order by his intellect. The 
material universe is the complement of the intellect, and 
without the study of its laws reason would never have 
awoke to its higher forms of self-consciousness at all. It 
13 the non-ego, through and by which the ego is endowed 
with self-discernment. We hold it to be an exercise of 
reason to explore the meaning of a universe to which we 
ptand in this relation, and the work we have acconi- 
,|)lij»hed is the proper connueutary on the methods we 
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have pursued. Before these methods were adopted the 
unbridled imaginatioD loamed through Nature, putting 
in the place of law the figments of superstitious dread. 
For thousands of years witehciaft, and magic, and miracles, 
and special providences, and Mr. Modey's ^distinctive 
reason of man,' had the world to themsdves. They made 
worse than nothing of it— irorse, I say, because they let 
and hindered those who might have made something of 
it. Hence it is that during a single lifetime of this era c^ 
* unintelligent impulse,' the progress in natural knowledge 
is all but infinite as compared with that of the ages 
which preceded oursi 

The believers in mi^c and miracles oi a couple of 
centuries ago had all the strength of Mr. Mozley's pre* 
sent logic on their side. They had done for themselves 
what he rejoices in having so effectually done for us — 
cleared the ground of the belief in the order of nature, 
and declared magic, miracles, and witchcraft to be 
matters for ordinary evidence to decide. * The principle 
of miracles' thus 'befriwided' had fi:'ee scope, and we 
know the result. Lacking that rock-barrier of natural 
knowledge which we, laymeu of England, now possess, 
keen jurists and cultivated men were hurried on to deeds, 
the bare recital of which makes the blood run cold. 
Skilled in all the rules of human evidence, and versed in 
all the arts of cross-examination, these men, nevertheless, 
went systematically astray, and committed the deadliest 
wrongs against humanity. And why? Because they 
could not put nature into the witness-box, and question 
her ; of her voiceless * testimony' they knew nothing. In 
all cases between man and man, their judgment was to be 
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relied on ; but in all cases between man anil nature they 
were blind leaders of the blind.' 

Mr. Mozley concedes that it would be no great result 
for miracies to be accepted by the ignorant and super- 
stitious, ' because it is easy to satisfy those who do not 
enquire.' But he does consider it 'a great result' that 
tliey have been accepted by the educated. In what sense 
educated? Like those statesmen, jurists, and chui-ch 
dignitaries whose education was unable to save them 
from tlie frightful errors glanced at above ? Not even in 
this sense ; for the great mass of Mr. Mozley's educated 
people had no legal training, and must have been abso- 
lutely defenceless against delusions which c^uld set even 
that training at nought. Like nine-tenths of our clergy 
at the present day. they were versed in the hterature of 
Greece, Eome, and Judea ; but as regards a knowledge 
of nature, which is here the one thing needful, they were 
'noble savages,' and nothing more. In the case of 
miracles, then, it behoves us to understand the weight of 
tiie negative, before we assign a value to the positive ; to 
rompreliend the protest of nature before we attempt to 
measure, with it, the assertions of men. We have only 
to open our eyes to see what honest, and even intel- 
lectual, men and women are capable of in the way of 
wideiice in this uineteentli century of the Christian era, 
and in latitude fifty-two degrees north. The experience 

' 'In liVU two women were bung in Suffolk, under a sentence of Sir 
XaUiiKW tink, who touk the opportunitj of declflhn); tliat tbu reality of 
*ilchci»ft was unquastionable ; " for first, the Scripturea hFid nfiirmod so 
Bach ; ftod eecondlj, the wisdom of si! nntions bad provided kwe Hgniust 
iwh peraoDs, wbich vt an nrguoient of their confidence of aucb a crime." 
8ir Tianu Browne, who was a grefit pfay sirtan as well lut a prcat writer, 
*M callpd M a witness, snd swore " that he was clearly of opinion that tbu 
jwrmnt wi-re bewitched." ' — liUcVya HUturij u/ lintiimiili^tii, vol. i. p. I-O, 
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thus gained ought, I imagine, to influence our opinion 
r^arding the testimony of people inhabiting a sunnier 
clime, with a richer imagination, and without a particle 
of that restraint which the discoveries of physical science 
have imposed upon mankind. 

Having thus submitted Mr. Mozle/s views to the ex- 
amination which they challenged at the hands of a student 
of the order of nature, I am unwilhng to quit his book 
without expressing my high admiration and respect for 
his ability. His failure, as I consider it to be, must, I 
think, await all attempts, however able, to deal with the 
material universe by logic and imagination, imcuded by 
experiment and observation. With regard to the style 
of the book, I willingly subscribe to the description with 
which the ' Times ' winds up its able and appreciative 
review. ' It is marked throughout with the most serious 
and earnest conviction, but is without a single word from 
first to last of asperity or insinuation against opponents, 
and this not from any deficiency of feeling as to the im- 
portance of the issue, but from a deUberate and resolutely 
maintained self-control, and from an over-ruling, ever- 
present sense of the duty, on themes like these, of a more 
than judicial calmness/ * 

[To the argument regarding the quantity of the mira- 
culous, introduced at page 49, Mr. Mozley has done me 
the honour of publishing a Reply in the seventh volume 
of the 'Contemporary Eeview.' — J. T. 1871.] 

* See Appoinlix at the end of the lx>ok. 
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Tt is the custom of the Professors iu the Eoyal School of 
Mines in London to give courses of eveaing lectures 
every year to working men. Each course is duly adver- 
tised, and at a certain hour the working men assemble to 
purchase tickets for the course. The lecture-room holds 
(jOO puople ; and tickets to this amount are disposed of 
as quickly as tliey can be handed to those who apply for 
them. So desirous are the working men of London to 
attend these lectures, that the persons who fail to obtain 
tickets always bear a large proportion to those who 
SBCceed. Lideetl, if the lecture-room could hold 2,000 
instead of 600, I do not doubt that every one of its 
benches would be occupied on these occasions. It 
is, moreover, worthy of remark tliat the lectures 
are but rarely of a character which cx)uld help the 
working man in his daily pursuits. The knowledge 
acquired is hardly ever of a nature which admits of 
ixiing turned into money. It is a pure desire for know- 
ledge, as a tiling good in itself, aud without regard to its 
practical application, which animates these men. They 
wish to know more of the wonderful universe around 
them ; their minds desire this knowledge as natiu-ally 
as their bodies desire food and drink, and to satisfy this 
intellectual want they come to tbe School of Mines. 
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It IS abo my privilege to lecture to another audience 
in LondcHi, composed in part of the aristocracy of rank, 
while the audience just referred to is composed wholly 
of the aristocracy of labour. As regards attention and 
courtesy to the lecturer, neither of these audiences has 
anything to learn of the other ; neither can claim supe- 
riority over the other. I do not, however, think that 
it would be quite correct to take those persons who flock 
to the School of Mines as average samples of their 
class ; they are probably picked men — the aristocracy of 
labour, as I have just called them. At all events, their 
conduct demonstrates that the essential qualities of a 
gentleman are confined to no class, and they have often 
raised in my mind the wish that the gentlemen of all 
classes, artisans as well as lords, could, by some process 
of selection, be sifted fix>m the general mass of the com- 
munity, and caused to know each other better. 

When pressed some months ago by the Council of the 
British Association to give an evening lecture to the work- 
ing men of Dundee, my experience of the working men of 
Loudon naturally rose to my mind ; and, though heavily 
weighted with other duties, I could not bring myself to 
decline the request of the Council. Hitherto, the evening 
discourses of the Association have been delivered before 
its members and associates alone. But after the meeting 
at Nottingham, last year, where the working men, at 
their own request, were addressed by our late Presi- 
dent, Mr. Grove, and by my excellent fiiend. Professor 
Huxley, the idea arose of incorporating with all subse- 
quent meetings of the Association an address to the 
working men of the town in which the meeting is held. 
A resolution to that effect was sent to the Committee of 



MATTER AND FOIiCE. 73 

Eecomroendations ; the Committee supportctl the rcsolu- 
Ijon ; the CouDcil of the Associatiou ratified tlie dec'isiou 
of the Committee ; and here I am to cany out to the 
best of my ability their united wishes. 

Whether it be a consequence of long-continued de- 
velopment, or an endowment conferred once for all 
on man at his creation, we find him here gifted with 
a mind, curious to know the causes of things, and sur- 
rounded by objects which excite its questionings, and 
raise the desire for an explanation. It is related of a 
young Prince of one of the Pacific Islands, that when 
he first saw himself in a looking-glaes, he ran round the 
glass to see who was standing at the back. And thus it 
is with the general human intellect, as regards the 
phenomena of the external world. It wishes to get 
behind and leani the causes and connections of these 
phenomena. What is the sun, what is the earth, what 
should we see if we came to the edge of the earth and 
looked over? What is the meaning of thunder and 
lightning, of hail, rain, storm, and snow? Such ques- 
tions presented themselves to early men, and by and by 
it was discovered that this desire for knowledge was not 
Unplanted in vain. After many trials it became evident 
the man's capacities were, so to speak, the complement 
of natimi'a facts, and that, within certain limits, the 
secret of the universe was open to the human uudcr- 
slatidiug. It was fouud that the mind of man had the 
power of penetrating far beyond the boundaries of his 
five senses ; that the things which are seen in the 
material world depend for their action upon things 
luiseen ; in short, that besides the phenomena which 
address tlic senses, there are laws and principles and 
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ftooeaBes mhkh do oat addnea the senses at all, but 
vlncii must be» and can be, spintuaDy disoexned* 

T!iere are two things which £xin, so to say, the sub- 
sonce c^ a3 soeotific thou^t. Tlie entire {day of the 
fcifntifir intdleci is cimfined to the ocmUnaticHi and 
leeafaitiQn o( the ideas of a^aUer and farce. Newton, it 
is aud, saw an apple £dL To the oonunon mind this 
presented no difficnlty and excited no question. Not so 
with Xewton. fle obserced the &ct; but one ade of his 
great intellfcfnal nature was left unsatisfied by the mere 
ad c^ ofasdvation. He sought aft« the principle which 
ruled the £ict. Whether this anecdote be true or not, it 
Ulustntes how the (xdinaiy operations of nature, which 
most people take for granted as perfectly plain and sim-. 
pie, are often those which most puzzle the scientific man. 
To the conception of the matter of the apple, Newton 
added that of the force that moved it The falling of 
the apple was due to an attraction exerted mutually be- 
tween it and the earth. He appUed the idea of this force 
to suns and planets and moons, and showed that all their 
motions were necessary consequences of this attraction. 

Newton, you know, was preceded by a grand fellow 
named John Kepler — a true working man — ^who, by 
analysing the astronomical observations of his master, 
Tycho Brahe, had actually found that the planets moved 
as they are now known to move. As a matter of fact, 
Kepler knew as mucJi about the motion of the planets as 
Newton did; in fact, Kepler taught Newton and the 
world generally the facts of planetary motion. But this 
was not enough. The question arose — ^Why should the 
fects be so ? This was the great question for Newton, and 

was the solution of this question which renders hia 
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name and fame immorlaL He proved tliat the planetary 
motions were what ob9ervat!on made them to be, be- 
cause every particle of matter in the solar system attracts 
every other particle by a force which variea as the inverse 
square of the diataace between the particles. He showed 
that the moon fell towards the earth, and tliat tlie planets 
fell towards the sun, through the operation of the same 
force that pulls an apple from its tree. This all pervad- 
ing force, which forms the solder of the material universe, 
and the conception of which was necessary to Newton's 
intellectual peace, is called the force of gravitation. 

All force may be ultimately reduced to a push or a 
pull in a straight line ; but its manifestations are various, 
and sometimes so complex as entii-ely to disguise its ele- 
mentary constituents. Its different manifestations have 
received different names. Here, for example, is a magnet 
freely suspended. I bring the end of a second magnet 
near one of the ends of the suspended one — attraction is 
lie consequence. I reverse the position of one of the 
its — repulsion folloiro. This display of power is 
magnetic force. In the case of gravitjitiou we have 
iple attraction, in the case of magnetism attraction 
and repubion always go together. Thus magnetism is a 
double force, or, as it is usually called, a polar force. I 
present a bit of common iron to the magnet, the iron itself 
becomes a temporary magnet, and it now possesses the 
power of attracting other iron. And if several pieces of 
iron be presented at the same time, not only will the 
magnet act on them, but they will also act upon each 
other. 

This leads me to an esperinient which will give you 
some idea of how IxKliey arrange llicmselvea under the 
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openikm of a polar fcwce. UndemeiUh this plate of 
^as IS placed a small nu^nel, and faj an optical 
aziai^ement compriaii^ a powerful lamp, a magnified 
image €)i the magnrt is now cast upoa the screen before 
jon. I scatter iron filings orer the glass. You already 
notice a certain amusement c^ the particles of iron. 
Their firee action is, however, hampered bj firicticm. I 
therefwe tap the ^bss, liberate the particles, which, as 
I ti^, arrai^ thomselves in these beautifiil curves. This 
experimoit is intended to make clear to jrou how a defi- 
nite arrangement of partides — a kind of incipient struc- 
ture — ^may result firom the c^)»ation of a polar force. 
We shall by-and-bye see fsLt more wonderful exhibitions 
oi the same structural acticm when we come to deal with 
the force oi crystallisation. 

The magnetic force has here acted upon partides 
of matter visible to the eye. But, as already stated, 
there are niunerous processes in nature which entirely 
elude the eye of the body, and must be figured by the 
eye of the mind. The processes of chemistry are ex- 
amples of these. Long thinking and experimenting on 
the materials which compose our world has led philoso- 
phers to conclude that matter is composed of atoms from 
which, whether separate or in combination, the whole 
material world is built up. The air we breathe, for ex- 
ample, is mainly a mixture of the atoms of two distinct 
substances, called oxygen and nitrogen. The water we 
drink is also composed of two distinct substances, called 
oxygen and hydrogen. But it differs fix)m the air in this 
particular, that in water the oxygen and hydrogen are 
not mechanically mixed, but chemically combined. In 
fact, the atoms of oxygen and those of liydrogen exert 
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enonnous attractions on each other, so that when brought 
into sufficient proximity they rush together with an 
ahnoet incredible force to form a chemical compound. 
But powerful as is the force with which these atoms lock 
themselves together, we have the means of tearing them 
asunder, and the agent by which we accomplish this may 
here receive a few moments' attention. 

Into a vessel containing acidulated water I dip these 
two strips of metal, the one being zinc and the other 
platinum, not permitting them to touch each other in 
the liquid. I now connect the two upper ends of the 
strips by a piece of copper wire. The wire is apparently 
unchanged, but it is not so in reality. It is now the channel 
of what, for want of a better name, we call an electric 
current — a power generated and maintained by the che- 
mical action going on in the vessel of acidulated water. 
What the inner change of the wire is we do not know, but 
we do know that a change has occurred, by the external 
effects produced by the wire. Let me show you one or 
two of these effects. And here it is convenient to operate 
with greater power than can be obtained from a single 
small pair of strips of metal, and a single vessel of acidu- 
lated water. Before you is a series of ten vessels, each 
with its pair of metals, and I wish to get the added force 
of all ten. This arrangement is called a voltaic battery. 
I take a piece of copper wire in my hand, and plunge it 
among these iron filings ; they refuse to cling to it ; the 
wire has no power over the filings. I now employ the 
self-same wire to connect tlie two ends of tlie battery, 
and subject it to the same test. The iron filings now 
crowd round the wire and cling to it. This is one of the 
effects of the electric current now traversing tlic wire. I 
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niecsah this wanntli so as to remler it visible to you. In 
front of the table is a thiu platiuum wire sis feet lont;. 
Ou sending a current from a battery of fifty paii-s of 
plates through this wire it glows, as you see, vividly red. 
I shorten the wire; more electricity now flows throngli 
it, and its light becomes more intense. It is now bright 
yellow; and now it is a dazzling white. This light is so 
strong that, though the wire is not much thicker than a 
bristle, it appears to those on the nearest benches as thick 
as a qiiill; while to those at a distance it appears as thick 
as a man's finger. This effect, which we call irradiation, 
is always produced by a very strong light. It is this eame 
electric current that furnished us with the powerfiil light 
employed in one of our first experimeut3. The lamp 
then made use of is provided with these coke rods; ami 
when the electric current passes between them we obtain 
a light almost as brilliant as that of the sun, 

And now let us return to the point at which the 
electric current was introduced^ — the]>oint, namely, where 
the tearing a-sunder of the locked atoms of a chemical 
compound was spv»ken of. The agent by which we cficct 
this is also the electric current ; and I hope to make its 
acUon visible to you all. Into this small cell, containing 
water, dip two thin wires. By means of a solar micro- 
scope and tlie powerful light of our electric lamp, a 
magnified image of this cell is thrown upon the screen 
before you. You see plainly the images of the wires. 
And now I send from a second small battery which reata 
upon ihb table an electric current from wire to wire. 
Bubbles of gas rise immediately from each of them, and 
these are the two gases of which the water is com- 
posed. The oxygen is always libenited on the one wire, 



80 FJUGMEXTS or SCIENCE. 

the hydrogen on the other. The two gases may be col- 
lected separately ; in fact, they have been thus collected 
in these jars. A lighted taper placed in one jar inflames 
the gas, which proves it to be hydrogen; a burning 
ember of wood placed in the other jar instantly bursts 
into vivid combustion, which proves the gas in the jar to 
bo oxygon. I place upon my hand a soap bubble filled 
with a mixture of both ga^es in the exact proportions 
in which thoy exist in water. Applying a taper to the 
bubbU\ a loud explosion is heard. The gases have 
ru5ihovl ti^^ther with detonation, but without injury to 
my hand, and tho water firom which they were extracted 
18 tho rv^suU of the re-union. 

I wish you to see with tlie utmost possible clearness 
what hiis hero taken place. First, then, you are to re- 
ukmuIkt that to fonn water the proportions by weight of 
oxygiMi and hydrv^gon are as eight to one. Eight ounces 
of oxygon, for oxamplo, unite with one of hydrogen to 
fv>rm niuo ouiuvs of water. But if, instead of comparing 
woiglits^ wo i\nu{>iirv^ vv^hunos, two volumes of hydrogen 
unito with ono v>f oxviron to fonn water. Now, these 
voUun^^ mul not tl\o weights, express the proportions in 
whioh tho atvMus of hydn^gon unite with those of oxygen, 
lu tho aot o( wuibiuation two atoms of hydrogen com- 
biuo with one o( o.xygon to fonn what we call the molecule 
o( water. Kvory such moKvule is a group of three atoms, 
two of which aiv hYdrv>giMi and ono oxygen. 

(>uo oousiHjuouw of tho rushing together of the 
atmns is tho ilovolopmont i>f \n?at What is this 
hoat? lK>w ai\> wo to tiguro it before our minds? 
I iK> not dowsjmir i^f being ahlo ti> give you a tolerably 
distinct answer to this iiuostion. lloiv are two ivory 
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balls snspended from the same point of support by two 
sbon strings. I draw them thus apart and then liberate 
them. They clash together, but, by virtue of t]ieir elas- 
ticity, they quickly recoil from each other, and a sharp 
vibratory rattle succeeds their collision. This experiment 
will enable you to figure to your mind a pair of clashing 
atoms. We have, in the first place, a motion of the 
one atom towards the other — a motion of translation, as 
it is usually called. But when the atoms come sufficiently 
near each other, elastic repulsion sets in, the motion of 
translation is stopped and converted into a motion of 
vibration. To this vibratory motion we give the name 
of heat. Thus, three things are to be kept before the 
nund — first, the atoms themselves ; secondly, the force 
with which they attract each other; and thirdly, the 
motion consequent upon the exertion of that force. This 
motion must be figured first as a motion of translation, 
and then as a motion of vibration ; and it is not until the 
motion reaches the vibratory stage that we give it the 
name of heat. It is this motion imparted to the nerves 
that produces the sensation of heat. 

It would be useless to attempt a more detailed descrip- 
^on of this molecular motion. After the atoms have 
Iwen thrown into this state of agitation, veiy complicated 
motions must ensue from tlieir incessant collision. There 
must be a wild whirling about among the molecules. For 
scpffle time after the act of combination this action is so 
riolent as to prevent the molecules from coming together. 
Tlie water is maintained for a time in a state of vapour. 
Bat as the vapour cools, or in other words loses its mo- 
tion, the water molecules coalesce to form a liquid. And 
now we are approaching a new and wonderful display of 
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farce. No one who had only seen water in its vaporous 
or liquid form could imagine the existence of the 
forces now to be referred to; for as long as the sub- 
stance remains in a liquid or vaporous condition, the 
play of these forces is altogether masked and hidden. 
But let the heat be gradually withdrawn, the antagonist 
to their union being removed, the molecules prepare 
for new arrangements and combinations. Like the par- 
tides of iron in our magnetic experiment, the water 
molecules are endowed with attractive and repulsive 
poles, and they arrange themselves together in accord- 
ance with these attractions and repulsions. Solid crys- 
tals of water are tlius formed, to which we give the 
famiUar name of ice. To the eye of science these ice 
crystals are as precious as the diamond — as purely 
formed, as deUcately built Where no disturbing causes 
intervene, there is no disorder in this crystalline architec- 
ture. By their own constructive power molecule builds 
itself on to molecule with a precision fsor greater than 
that attainable by the hands of man. We are apt to 
ovorUx^k the wonderful when it becomes common. Ima- 
gine the bricks and stones of this town of Dundee en- 
dowed witl\ locomotive power. Imagine them attracting 
and repelling each other, and arranging themselves in 
cimsequeuce of tliese attractions and repulsions to form 
streotcji and house^f^ and Kimiaird Halls ; would not that 
be wonderful? Hardly less wonderful is the play of 
force by which the molecules of water build themselves 
into the sheets of crystal which every winter roof your 
ponds and lakes. 

If I could show you the actual progress of this mole- 
cular architecture, its beauty would delight and astonish 
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you. A reversal of the procese may be actually shown. 
The molecules of a piece of ice may be taken asunder 
before your eyes, and from the manner in which tliey 
separate, you may to some extent infer the manner in 
which tliey aggregate. When a beam is sent from our 
electric lamp through a plate of glass, a portion of the 
beam ia intercepted, and the glass is warmed by the 
portion thus retained within it. When the beam is sent 
Idrough a plate of ice, a portion of the beam is also 
sbsorbed ; but instead of warming the ice, the intercepted 
teat melts it internally. It is to the delicate silent action 
of this beam within the ice that I now wish to direct 
your attention. Upon the screen is thrown a magnified 
image of tlie slab of ice : the light of the beam passes 
freely through the ice without melting it, and enables us to 
form the image, but the heat of the beam is in great part 
intercepted by the ice, and that heat now applies itself to 
die work of internal liquefaction. Observe those stars 
breaking out over the white surface, and expanding in 
size as the action of the beani continues. These starB 
are liquefied ice, and each of them, you observe, has six 
rays. They still more closely resemble flowers, each of 
six petals. Under the action of the heat the molecules 
of the ice fall asunder, so as to leave behind them these 
exquisite forms. We have here the process of crystallisa- 
tion reversed. In this fashion, and in strict accordance 
with this hexangidar type, every ice molecule takes its 
place upon our ponds and lakes dtu-iug the frosts of 
winter. To use the language of an American poet, 
' the atoms march in tune,' moving to the music of law, 
which thus renders the commonest substance in nature 
a miracle of beauty. 
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It is the function of science, not as some think to 
divest this universe of its wonder and its mystery, but, as 
in the case here before us, to point out the wonder and 
the mystery of common things. Those fem-hke forms, 
which on a frosty morning overspread your window 
panes, illustrate the action of the same force. Breathe 
upon such a pane before the fires are lighted, and reduce 
the soUd crystalline film to the liquid condition ; then 
watch its subsequent appearance. You will see it all the 
better if you look at it through a common magnifying 
glass. After you hsye ceased breathing, the film, aban- 
doned to the action of its own forces, appears for a 
moment to be alive. Lines of motion run through it; 
molecule closes with molecule, until finally tlie whole film 
passes finom the state of liquidity, through this state of 
motion, to its final crystalline repose. 

I can show you something similar. Over a piece of 
perfectly clean glass I pour a little water in which a 
crvstal has been dissolved. A film of the solution clings 
Xo (lie glass, and this film will now be caused to crystal- 
lise^ before your eyes. By means of a microscope and a 
lanip^ an image of the plate of glass is thrown upon the 
sinxH^n. The beam of the lamp, besides illuminating the 
glass, also hoats it ; evaporation sets in, and, at a certain 
moment, when the solution has become supersaturated, 
splouilid bmnohes of crystals shoot out over the screen. 
A di>zon squaix^ feet of surfece are now covered by those 
iH'autiful forms. Witli another solution we obtain cry- 
stiiUino sjK^ars, feathered right and left by other spears. 
Fnnn distamt nuclei in the middle of the field of view the 
ii))oar8 sluHit witli magical rapidity in all directions. The 
film of water on a window pane on a frosty morning 
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eihibits effects quite as wonderfiil as these. Latent in 
dlis formless solution, latent in every drop of water, lies 
^dm marvellous structural power, which only requires the 
withdj-awal of opposing forces to briug it into action. 

Our nest experiment on crystallisation you will pro- 
bably consider more startling even than these. The clear 
liquid now held up before you is a solution of nitrate of 
rilTcr — a compound of silver and nitric acid. When an 
dectric current is sent through this hquid the silver is se- 
vered from the acid, as the hydrogen was sepai'ated fi-om 
Uie oxygen in a former experiment ; and I would ask you 
to observe how the mKtal behaves when its molecules are 
thus successively set free. The image of the cell, and of 
ihe two wires which dip into tlie liquid of the cell, are 
BOW clearly shown upon the screen. Let us close the cir- 
cuit, and send the current through the liquid. From one 
of the wires a beautiful silver tree commences immediately 
to sprout. Branches of the metal are thrown out, and 
nmbrageous foliage loads the branches. You have here a 
growth apparently as wonderful as that of any vegetable 
perfected in a minute before your eyes. Substituting- for 
the nitrate of silver acetate of lead, which is a compound 
uf lead and acetic acid, the electric current severs the 
lead from the acid, and there you see the metal slowly 
branching into these exquisite metallic ferns, the fronds 
of which, as they become too heavy, break from their 
roots and fall to the bottom of the cell. 

These csperiments show that the common matter of our 
earth — ' brute matter,' as Dr. Young pleases to call it — 
when its atoms and molecules are permitted to bring their 
forces into free play, arranges itself, under the operation of 
ihcfie forces, into foi'uis whirh livul in beauty those of th 
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T^etaUe world. And what is the vegetable world its^ 
blrt the result of the oomplex play of these molecular 
forces? Here, as elsewhere Ihrooghout nature, if matter 
moves it is force that moves it, and if a certain structure, 
T^etable or mineral, b produced, it is through the opera- 
tion of the forces exerted between the atoms and mole- 
cules. These atoms and molecules resemble httle magnets 
with mutually attractive and mutually repellent poles. 
The attracting poles unite, the repellent poles retreat, 
and vegetable, as well as mineral, forms are the final 
expresaon of this complicated molecular action. 

In the formation of our lead and sUver trees, we 
needed an ^ent to wrest the lead and the silver from tlie 
acids with which th^ were combined. A similar agent 
is required in the vegetable world. The solid matter of 
whidi our lead and silver trees were formed was, in the 
first instance, disguised in a transparent liquid ; the solid 
matter of which our woods and forests are composed is 
also, for the most part, disguised in a transparent gas, 
which is mixed in small quantities with the air of our 
atmosphere. This gas is formed by the union of Gu-bon 
and oxygen, and is called carbonic acid gas. Two atoms 
of oxygen and one of carbon unite to form the molecule 
of carbonic acid which, as I have said, is the material 
from which wood and vegetable tissues are mainly de- 
rived. The carbonic acid of the air being subjected to 
an action somewhat analogous to that of the electric 
current in the case of our lead and silver solutions, has its 
I carbon hberated and deposited as woody fibre. The 
watery vapour of the air is subjected to similar action ; 
i its hydrogen is liberated from its oxygen, and lies down 
I wde by side with the carbon in the tissues of the tree. 
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The oxygen in both cases is permitted to wander away 
into the atmosphere. But wha,L is it which thus tears the 
carbon and the hydrogen from the strong embrace of the 
oxygen ? Wliat is it in nature that plays the part of the 
electric current in our experiments? The rays of the 
sun. The leaves of the plants absorb both the carbonic 
acid and the aqueous vapour of the air ; these leaves 
answer to the cells in which our decompositions by the 
electric current took place. In the leaves the solar rays 
decompose both the carbonic acid and the water, per- 
mitting the oxygen in both cases to escape into the air, 
and allowing the carljon and the Iiydrogen to follow the 
bent of their own forces. And just as the molecular 
attractions of the silver and the lead found expression in 
the production of tliose beautiful branching forms seen 
in our experiments, so do the molecular attractions of the 
liberated carbon and Iiydrogen find expression in the 
ardlitecture of grasses, plants, and trees. 

In the fall of a cataract and the rush of the wind we 
have examples of mechanical power. In the combinations 
of chemistry and in the formation of crystals and vege- 
tables we have examples of molecular power. But before 
[HDceeding further I should hke to make clear to you the 
present condition of the surface of our globe with refer- 
ence to power generally. You have learned how the 
atoms of oxygen and Iiydrogen rush together to form 
water. I have not thought it necessary to dwell upon 
the mighty mechanical energy of their act of combination, 
but, in passing, I would say that the clashing together of 
1 lb. of hydrogen and 8 lbs. of oxygen to form 9 lbs. of 
aqueous vapour, is greater than the clash of a weight of 
1,000 tons falling from a height of 20 feet against the 
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earth. Now, in order that the atoms of oxygen 
hydrogen should rise by their mutual attractions to the 
velocity corresponding to this enonuous mechanical effect, 
a cenam distance must exist between the particles. It is 
in rushing over this that the velocity is attained. 

This idea of distance between the attracting atoms is of 
the highest importance in our conception of the system of 
the world. For the world may be di\-ided into two kinds 
of matter ; or rather the matter of the world may be 
clasaficd under two distinct heMa — namely, of atoms and 
molecules which have already rushed together and thus 
satisfied their mutual attractions, and of atoms and mole- 
cules which have not yet rushed together, and whose 
mutual attractions are, therefore, as yet unsatisfied. Now, 
as regards motive power, the working of machinery, or 
the performance of mechanical work generally, by means 
of the materials of the earth's crust, we arc entirely de- 
pendent on those atoms and molecules whose attractions 
are as yet unsatisfied. Those attractions can produce 
motion, because sufficient distance intervenes between the 
attracting molecides, and it is this molecular motion that 
we utilise in our machines. Thus we can get power out 
of oxygen and hydrogen by the act of tlieh: union, but 
once they are combined, and once the motion consequent 
on their combination has been expended, no fturther 
power can be got out of the mutual attraction of oxygen 
and hydrogen. As dynamic agents they are dead. If 
we examine the materials of which the earth's crust is 
composed, we find them to consist for the most part of 
substances whose atoms have already closed in chemical 

ynion whose mutual attractions are satisfied. Granite, 

for instance, is a widely-diffused substance, but grs 
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ronsists, in great part, of silicon, oxygen, potassium, cal- 
cium, and aluminum, the atoms of which substances met 
long ago in chemical combination, and are therefore 
dead. limestone is also a widely-diffused substance. It 
is composed of carbon, oxygen, and a metal called cal- 
diim. But the atoms of those substances closed long ago 
in chemical union, and are therefore dead. And in this 
way we might go over the whole of tlie materials of the 
earth's crust, and satisfy ourselves that though they were 
sources of power in ages past, and long before any being 
appeared on the surface of the earth capable of turning 
theu- power to accomit, they are sources of power no 
longer. And here we might halt for a moment to remark 
on that tendency, so prevalent in the world, to regard 
everything as made for human use. Those w)io entertain 
this notion hold, I think, an overweening opinion of their 
own impoitance in the system of nature. Flowers bloomed 
before men saw them, and the quantity of power wasted 
before man coidd utilise it is all but infinite compared 
with what now remains to be applied. The healthy atti- 
tude of mind with reference to tliis subject is that of 
ibe poet, who, when asked whence came the rhodora, 
jeplied — 

Why thou wert there, riral of the rose ! 

I never thought to ask, 1 never knew, 

But in my simple ignorance supposed 

The self-same power ihut brought me there brought you.* 

A few exceptions to this general state of union of the 
particles of the earth's crust — all-important to us, but 
trivial in comparison to the total store of which they are 
the residue — etill remain. ITiey constitute our main 
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sources of motive power. By far the most important m\ 
these are our beds of coal, composed chiefly of carbon, 
which has not yet closed in chemical union with oxygen. 
Distance still intervenes between the atoms of carbon 
and those of oxygen, across which the atoms may be 
impelled by their mutual attractions ; and we can do no- 
thing more than utilise the motion produced by this 
attraction. Once the carbon and the oxygen have rushed 
together, so as to form carbonic acid, their mutual at- 
tractions are satisfied, and, while they continue in this 
condition, as dynamic agents they are dead. A pound 
of coal produces by its combination mth oxygen an 
amount of heat which, if mechanically applied, would 
raise a weight of 100 lbs. to a height of twenty miles 
above the earth's surface. Conversely, 100 lbs. falling 
from a height of twenty miles, and striking against the 
earth, would generate aa amount of heat equal to that 
developed by the combustion of a pound of coaL Wher- 
ever work is done by heat, heat disappears. A gun 
which fires a ball is less heated than one which fires 
blank cartridge. The quantity of heat communicated to 
the boiler of a working steam-engine is greater than that 
which could be obtained from the re-condensation of the 
steam after it had done its work ; and the amount of work 
performed is "the exact equivalent of the amount of heat 
missing. We dig annually nearly 100 millions of tons 
of coal from our pits. The amount of mechanical force 
represented by this quantity of coal seems perfectly fabu- 
lous. The combustion of a single pound of coal, sup- 
posing it to take place in a minute, would be equivalent 
to the work of 300 horses ; and if we suppose 120 mil- 
lions of horses working day and night with unimpaired 
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Strength, for a year, their united enei^es would enable 
them to perform an amount of work just equivalent to 
the heat to be derived from the annual produce of our 
coal-fields. Our woods and forests are also sources of 
mechanical enei^, because they also have tlie power of 
uniting with the atmospheric oxygen, and the mole- 
cular motion produced in the act of union may be turned 
to mechanical accouut. Passing from dead matter 
to living matter, we find that the source of motive 
power here referred to is also the source of muscular 
power. A horse can perform work, and so can a man, 
but this work is at bottom the molecular work of the 
elements of the food and the oxygen of the air. We 
inhale this vital gas, and bring it into sufficiently close 
proximity with the carbon and the hydrogen of the food. 
They imite in obedience to their mutual attractions, and 
their motion towards each other, properly turned to 
account by the wonderful mechanism of the body, 
becomes muscular motion. 

One fundamental thought pervades all these state- 
mrats : there is one tap root from which they all spring. 
This is the ancient maxim that out of nothing nothing 
conies ; that neither in the organic world nor in the 
inoi^anic is power produced without the expenditure of 
other power ; that neither in the plant nor in the 
animal is there a creation of force or motion. Trees 
grow, and so do men and horses ; and here we have new 
power incessantly introduced upon the earth. But its 
.tource, as I have already stated, is the sun. For he it 
is who separates the carbon from the oxygen of the 
carbonic acid, and thus enables them to recombine. 
Whether they recombine in the fiunace of the steam- 



92 FMAGMEXTS OF SCIENCE. 

engine or in the animal body, the origin of tht 
they produce is the same. In tliis sense we are all ' eouls 
of fire and children of the eun.' But, as remarked by 
Helrnholtz, we must be content to share our celestial 
pedigree with the meanest living things. The frog, and 
the toad, and those terrible creatures the monkey and 
the gorilla, draw their power from the same source as 
man. 

Some estimable persons, here present, very possibly 
shrink from accepting these statements; they may be 
frightened by their apparent tendency towards what is 
called materialism — a word which, to many minds, ex- 
presses something very dreadful. But it ought to be 
known and avowed that the physical philosopher, as 
such, must be a pure materiahst. His enquiries deal 
with matter and force, and with them alone. The 
action which he has to investigate is necessary action; 
not spontaneous action — the transfonnation, not the 
creation, of matter and force. And whatever be the 
forms which matter and force may assume, whether in 
the organic world or the inorganic, whether in the coal- 
beds and forests of the earth, or in tlie brains and muscles 
of men, the physical philosopher will make good his 
right to investigate them. It is perfectly vain to attempt 
to stop enquiry as to the actual and possible actions 
of matter and force. Depend upon it, if a chemist by 
bringing the proper materials together, in a retcit or 
crucible, could make a baby, he would do it. There is no 
law, moral or physical, forbidding him to do it — his en- 
quiries in this direction are limited solely by his own 
capacity and the laws of matter and force. At the 
present moment tliere arc, no doubt, persons expcri- 
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mentiDg on tlie possibility of producing what we call life 
out of iaorgauic materials. Let them pm^sue their studies 
in peace; it is only by such trials that they will learn 
the limits of Uieir powere. 

But wliile I tlius make the largest demand for freedom 
of investigation — while I as a man of science feel a 
nattiral pride in scientific achievement, while I r^ard 
science as the moat powerful instrument of intellectual 
culture, as well as the most powerful ministrant to the 
material wants of men ; if you ask me whether science 
bas solved, or is likely in our day to solve, the problem 
of iliis universe, I must shake nay head in doubt. You 
remember the first Napoleon's question, when the savans 
who accompanied him to Egj-pt discussed in his presence 
the origin of the universe, and solved it to their own 
apparent satisfaction. He looked aloft to the starry 
heavens, and said, 'It is all very well, gentlemen ; but 
who made all these ? ' That question still remains un- 
answered, and science makes no attempt to answer it. 
As for as I can see, there is no quality in the human 
intellect which is fit to be applied to the solution of the 
problem. It entirely transcends us. The mind of man 
may be compared to a musical instrument with a certain 
range of notes, beyond which in both directions we have 
an uifinitude of silence. The phenomena of matter and 
force lie within our intellectual range, and as far as they 
reach we will at all hazards push oiu- enquiries. But 
behind, and above, and around all, the real mystery of 
this universe lies unsolved, and, as far as we are con- 
cerned, is incapable of solution. Fashion this mystery 
as you will, with that I have nothing to do. But be 
careful that your conception of it be not an uuworthj 
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one. Invest that conception with your highest and 
holiest thought, but be careful of pretending to know 
raore about it than is given to man to know. Be 
careful, above all things, of professing to see in the 
phenomena of the material world the evidences of 
Divine pleasure or displeasure. Doubt those who would 
deduce from the fall of the tower of Siloam the anger of 
the Lord against those who were crushed Doubt those 
equally who pretend to see in cholera, cattle-plague, 
and bad harvests, evidences of Divine anger. Doubt 
those spiritual guides who in Scotland have lately pro- 
pounded the monstrous theory that the depreciation of 
railway scrip is a consequence of railway travelling on a 
Sunday. Let tliem not, as far as you are concerned, label 
and libel the system of nature with their ignorant hypo- 
theaea. Well might the miglitiest of living Scotchmen, 
that hero of the intellect who might have been a hero 
in the field, that strong and earnest soul who has made 
every soul of like nature in these islands hb debtor — 
looking from the sohtudca of thought into tliis highest 
of questions, well, I say, might your noble old Carlyle 
scornfully retort on such interpreters of the ways of Gbd 
to men : — 



The Builder of this n 

He formed all soviIh, nil aj'stems, pliineta, pstrticles; 
TliH plan ho formed his worl<3fi and JEon6 by. 

Was— Heuiens! — was thy small nine-and- thirty articles! 
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' iSelf-reyerence, Belf-knowledge, self-control, 
These three alone lead life to sovereign power. 
Yet not for power (power of herself 
Would come uncalled for), but to live by law, 
Acting the law we live by without fear ; 
And, because right is right, to follow right 
Were wisdom in the scorn of consequence.' 

Tennyson. 
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Thbrb ia an idea regarding the nature of man which 
modern pliilosophy has sought, and is still seeking, to 
raise into clearness, the idea, namely, of secular growth. 
Man is not a thing of yesterday ; nor do I imagine that 
the slightest controversial tinge is imported into tliis ad- 
dress when I say that he is not a thing of 6,000 yeara 
ago. Whether he came originally from stocks or stones, 
from nebulous gas or solar fire, I know not ; if lie had 
any such origin the process of his iransformaliou is as 
inscrutable to you and to me as that of the grand old 
legend, according to which ' the Ijord God forvned man 
of the dust of the ground, and breathed into his nostrils 
the breath of life ; and man became a hving soul.' But 
bou'ever obscure man's origin may be, his growth is not 
to be denied. Here a little and there a little added 
ijirough the ages have slowly tiunsformed him from what 
Jie Was into what he ia. The doctrine has been held that 
[lie inind of the child is like a sheet of white paper, on 
which by education we can write what chai-acters we 
please. This doctrine assuredly needs qualification and 
correction. In physics, when aa external force is apphed 
to a body with a view of afl'ecting its inner texture, if we 
wish to predict the result, we must know whether the 
external force conspires with or opposes the internal 
forces of the body it-self; :md in bihiping the iniliicnce of 
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transitive verb, of the preposition to the noun or pro- 
noun which it governed, — the study of variations in 
mood and touse, the transformations often necessary 
to bring out the true grammatical structure of a sen- 
tence, — all this was to my young mind a discipline of 
lie highest value, and indeed a source of unflagging de- 
light. How I rejoiced when I found a great author trip- 
ping, and was fairly able to pin him to a comer from 
which there was no escape I As I speak, some of the 
sentences which exercised mo when a boy rise to my re- 
collection. ' lie tliat hath ears to hear let him hear,' 
That was one of tliem, where the ' lie ' is left, as it were, 
fioaling in mid air without any verb to support it. I 
jpeak thus of English because it was of real value to me. 
I do not speak of other languages because their educa- 
tional value for me was almost insensible. But knowing 
the value of English so well, I should be tlie last to deny, 
OT even to doubt, the high disciplioe involved in the 
proper study of Latin and Greek. 

That study, moreover, has other merits and recommend- 
aiions which have been already slightly touched upon. 
It is organised and .systematised by long-continued use. 
It is an instrument wielded by some of the best intellects 
of tlie country in the education of youth ; and it can 
point to residts in the achievements of our foremost 
men. Wliat, then,* has science to offer which is in 
the least degree likely to compete with such a system? 
I caunot better reply than by recurring to the grand old 
Blory from wliicli I have already quoted. Speaking of 
the world and all that therein is, of the sky and the stars 
around it, the ancient writer says, ' And God saw all that 
he had made, and heliokl it was very pond.' If is the 
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body of things thus described which science offers to the 
study of man. There is a very renowned argument much 
prized and much quoted by theologians, in whicli the 
universe ia compared to a watch. Let us deal practically 
with this comparison. Supposing a watchmaker, having 
completed his instrument, to be so satisfied with his work 
as to call it very good, what would you understand him 
to mean ? Tou would not suppose that he referred to 
the dial-plate in front and the chasing of the case behind, 
so much as to the wheels and pinions, the springs and 
jewelled pivots of the works within, Uiose qualities and 
powers, in short, which enable the watch to perform 
accurately its work as a keeper of time. With regard 
to the knowledge of such a watch he would be a mere 
ignoramus who would content himself with outward 
inspection. I do not wish to say one severe word here 
to-day, but I fear that m.any of those who are very loud 
in their praise of the works of the Lord know them only 
in this outside and superficial way. It is the inner works 
of the universe which science reverently uncovers ; it is 
the study of these that she rcconmiends as a disdpliae 
worthy of all acceptation. 

The ultimate problem of physics is to reduce matter by 
analysis to its lowest condition of divisibility, and force 
to its simplest manifestations, and then by synthesis to 
construct from these elements the* world as it stands. 
We are still a long way from the final solution of this 
problem ; and when the solution comes, it will be one 
more of spiritual insight than of actual observation. But 
though we are still a long way fi-om this complete intel- 
lectual mastery of nature* we have conquered vast re^ons 
of it, have learned their polities and the play of their 
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powers. We live upon a ball of matter 8,000 miles in 
iliametcr, swalhed by an atmosphere of unknown height. 
This ball has been molten by heat, chilled to a solid, 
and sculptured by water; it is made up of substances 
possessing distinctive properties and modes of action, 
properties which have an imnaediate beaiing upon the 
continuance of man in health, and on his recovery from 
disease, on which moreover depend all the arts of indus- 
trial life. These properties and modes of action offer 
problems to the intellect, some profitable to the child, 
and others sufficient to tax tlie highest powers of the 
philosopher. Our native sphere turns on its axis and re- 
volves in space. It is one of a band which do the same. 
It is illuminated by a sun which, though nearly a hundred 
millions of miles distant, can he brought virtually into 
our closets and there subjected to examination. It has 
ita winds and clouds, its rain and frost, its light, heat, 
sound, electricity, and magnetism. And it has its vast 
kingdoms of animals and vegetables. To a most amazing 
extent the human mind has conquered these things, and 
revealed the logic which runs t!irough them. Were they 
facts only, without logical relationship, science might, as a 
means of discipline, suffer in comparison with language. 
But the whole body of plienouioua is instinct with law ; 
the facts are himg on principles, and the value of piiysical 
science as a meaus of discipline consists in the motion of 
the intellect, both inductively and deductively, along tlie 
hues of law marked out by phetionicua. As regards that 
discipline to which I have already referred as derivable 
from the study of languages,-— that, and more, are involved 
in the study of physical science. Indeed, I believe it 
would be possible so to limit aud arrange the study of a 
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portion of pliysies as lo rondor the muntal exercise in- 
volved in it itlmost qualitatively the same hs that involved 
in tlie unravelling of a language. 

I have thus far limited myself to the purely intellectual 
side of tliis question. But man is not all intellect. If he 
were so, science would, I believe, be liis proper nutriment. 
"But he feels as well as thinks ; he is receptive of the sub- 
lime and the beautiful as well as of tlie true. Indeed, I 
believe that even the intellectual action of a complete 
man is, consciously or unconsciously, sustained by an under 
current of the emotions. It is vain, I think, to attempt 
to separate moral and emotional nature from intellectual 
nature. Let a man but observe himself, and !ie will, if I 
mistake not, lind that in nine cases out of ten, moral or 
immoral considerations, as the case may be, are the 
motive force which pushes his intellect into action. The 
reading of the works of two men, neither of them Imbued 
with the spirit of modern science, neither of them, indeetl, 
friendly to that spirit, has placed me here to-day. These 
men are the English Carlyle and the American Emerson. 
I must ever remember with gratitude that through three 
long cold German winters Carlyle placed me iu my 
tub, even when ice was on its surface, at five o'clock 
every morning ; not slavislily, but cheerfully, meeting 
each day's studies with a resolute will, determined whether 
victor or vanquished not to shrink from diificulty. I 
never should have gone through Analyticid Geometry and 
the Calculus had it not been for those men. I never should 
have become a physical investigator, and hence with- 
out them I should not have been here to-day. They 
told me what 1 ought to do in a way that caused me to 
do it, and all my coiiseijuent intellectual action b to be 
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traced to this purely moral source. To Carlyle ami 
Eraeraon I ought to add FJchte, the greatest represeuUitive 
of pure idealism. These three unscientific men made me 
a practical scientific worker. They called out ' act ! ' I 
hearkened to the summons, taking tlie liberty, however, 
of determining for myself the direction which effort was 
to take. 

And I may now cry ' act ! ' but the potency of action 
must be yours. I may pull the trigger, but if the gun 
be not charged there is no result. We are creators in 
the intellectual world as little as in the pliysical. We 
may remove obstacles, and render latent capacities active, 
but we cannot suddenly change the nature of man. The 
' new birth ' itself implies the pre-esistence of the new 
cliaracter wliich requires not to be created but brought 
forth. You cannot by any amount of missionary labour 
suddenly transform the savage into the civilised Christian. 
The improvement of man is secular — not the work of an 
hour or of a day. But though indubitably bound by our 
organisations, no man knows what the potentialities of any 
human mind may be, which require only release to lje 
brought into action. Let me illustrate this point. There 
are in the mineral world certain crystals, certain forms, 
for instance, of fluor-spar, which have lain darkly in the 
earth for ages, but which nevertheless have a potency of 
light locked up within them. In their case the potential 
baa never become actual — the light is in fact held back by 
a molecular detent. When these crystals are warmed, th-j 
detent is Hfted, and an outQow of light immediately 
bc^ns. I know not how many of you may be in the 
condition of this fluor-spar. For aught I know, every 
one of you may be in this condition, luiuiring but the 
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proper agent to be applied — the proper word to 
spoken — to remove a detent, and to render you conscious 
of liglit williin yourselves and sources of light to others. 

The circle of human nature, then, is not complete with- 
out the arc of feehng nnd emotion. The lilies of the 
field have a value for us beyond their botanical ones — a 
certain lightening of the heart accompanies the declaratiou 
that ' Solomon in all his glory was not arrayed like one 
of these.' The sound of the village bell which comes 
mellowed from the valley to the traveller u^xm the hill, 
has a value beyond its acoustical one. The setting aun 
when it mantles with the bloom of roses the alpitie snows, 
has a value beyond its optical one. The starry heavens, 
as you know, had for Immauuel Kant a value beyond 
theii' astronomical one. Eound about the intellect sweeps 
the horizon of emotions from which all our noblest im- 
pulses are derived. I think it very desirable to keep this 
horizon open ; not to permit either priest or philosopher 
to draw down his shutters between you and it. And 
here the dead languages, which are sure to be beaten by 
science in the piu-ely intellectual liglit, have an irresistible 
claim. Tliey supplement the work of science by exalting 
and refining the sesthetic faculty, and must on this account 
be cherished by all who desire to see human culture 
complete. There must be a reason for the fascination 
which these languages have so long exercised upon the 
most powerful and elevated minds — a fascination which 
will probably continue lor men of Greek and Eomau 
mould to the end of time. 

In connection with tliis question of the emotions one 
very obvious danger besets many of the more earnest 
spirits of our day — the danger of Adisft^ in cndeavouriuj 
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give the feelings repose. We are distracted by systems 
of theology and philosophy which were taught to us 
wliea young, and which now excite in us a liunger aiid 
a thirst for knowledge not proved to be attainable. There 
are periods when the judgment ought to remain iii 
stisiwose, the daia on which a decision might be baaed 
being absent. This discipline of suspending tlie judgment 
is a common one in science, but not so common as it 
ought to be elsewhere. I walked down Kegcnt Street 
some time ago with a man of great gifts and acquirements, 
discussing with him various theological questions. I could 
not accept his views of the origin and destiny of the 
univerae, nor was I prepared to enunciate any definite 
views of my own. He turned to me at length and said, 
' Tou surely must have a theory of the universe.' That I 
eliould in one way or another have solved this mystery of 
mysteries seemed to my friend a matter of course. ' I 
have not even a theory of magnetism ' was my reply, 
Wc ought to learn to wait, and jiause before closing witii 
the advances of those expounders of the ways of God to 
men, who offer us intellectual peace at the modest cost of 
intellectual life. 

The teachers of tlie world ought to be its best men, and 
for the present at all events such men must learn self- 
trusL They must learn more and more to do witliout 
external aid ; save such aid as comes from the contempla- 
tion uf a universe, which, though it bailies the intellect, 
can elevate the heart. But they must learn to feel the 
mystery of that universe without attempting to give it a 
rigid form, personal or ptlierwise. By the fullness and 
freshness of their own lives and utterances tliey nuiat 
nwakeu life in others. The positiou of science it. already 
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assured, but I think t!ie ])oet also will have a great part 
to play iu the future of the world. To him it is given for 
a loDg time to come to fill those shores which the recession 
of the theologic tide has left exposed; to hira, when he 
rightly understands his mission, and does not flinch from 
the tonic discipline which it assuredly demands, we have 
a right to look for that heightening and brightening of 
life which so many of us need. He ought to be the 
interpreter of that power which as 

' Jtihovsh, Jove, or Lurd,' ^^H 

has hitherto filled and strengthened the human lieiirt. ^H 

Let me utter one practical word in conclusion — ta^e 
care of your health. There have been nieu who by wise 
attention to this point might have risen to any eminence 
— might have made great discoveries, written great poems, 
commanded armies, or I'uled states, but who by unwise 
neglect of this point have come to notliing. Imagine 
Hercules as oarsman in a rotten boat ; what can he do 
there but by the very force of his stroke expedite tlie 
ruin of his craft. Take care then of tlie timbers of your 
boat, and avoid all practices likely to introduce either 
wet or dry rot amongst them. And this is not to be ac- 
complished by desultory or intermittent efforts of the will, 
but by the foruiatJon of habits. The will no doubt has 
Bometimea to put forth its strength in order to strangle or 
crush the special temptation. But the formation of right 
habits is essential to your permanent security. They 
diminish your chance of falling when assailed, and they 
augment your chance of recovery when overthrown. 
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'As I proceeded I found my philosopher altogether forsaking mind or any 
other principle of order, and having recourse to air and tether, and water, and 
other eccentricities. I might compare him to a person who began by main- 
taining generally that mind is the cause of the actions of Socrates, but who 
when he endeavoured to explain the cause of my several actions in detail, 
went on to show that I sit here because my body is made up of bones and 
muscles ; and the bones he would say are hard and have ligaments which 
divide them, and the muscles are elastic, and they cover the bones, which 
have also a covering or environment of flesh and skin which contains them ; 
and as the bones are lifted at their joints by the contraction or relaxation of 
the muscles, I am able to bend my limbs, and this is why I am sitting here 
in a curved posture ; — that is what he would say, and he would have a 
similar explanation of my talking to you, which he would attribute to sound, 
and air, and hearing, and he would assign ten thousand other causes of the 
same sort, forgetting to mention the true cause, which is that the Athenians 
have thought fit to condemn me, and accordingly I have thought it better 
and more right to remain here and undergo my sentence ; for I am inclined 
to think that these muscles and bones of mine would have gone off to Megara 
or Boeotia — by the dog of Egypt they would, if they had been guided by 
their own idea of what was best, and if I had not chosen as the better and 
nobler part, instead of playing truant and running away, to undergo any 
puniBhment which the State inflicts.' — ^Plato, Jowett's Translation, 
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I Th* celebeated Fichte, iu hU lectures on the ' Vocation 
of the Scholar,' insisted on a culture which ahoukl not 
be one-eided, but all-sided. Tlie scliolar's intellect was 
to expand spherically and not in a single direction 
only. In one direction, however, Fichte required that 
the scholar should apply himself dirccdy to nature, 
become a creator of knowledge, and thu8 repay by 
original labours of his own the immense debt lie owed 
to the labours of others. It was these which enabled 
him to supplement the knowledge derived from hia own 
researches, so as to render liis culture rounded and not 
one-sided. 

As regards science Fichte's idea is to some extent 
illustrated by the constitution and the labours of the 
British Association. We have here a body of men 
oigaged in tlie pursuit of Natural Knowledge, l)ut 
variously engaged. While sympathising with each of its 
departments, and supplementing liis culture by know- 
ledge drawn from all of them, each student amongst us 
selects one subject for the exercise of his own original 
faculty — one hue along which he may carry the liglit of 
his private intelligence a httle way into the darkness by 
which all knowledge la smrounded. Thus, the geologist 
deals with the rocks ; the biologist with the conditions and 
phenomena of life ; the astronomer with stellar masses and 
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motions ; the mathematician with tlic relations of space 
and number ; the chemist pursues hia atoms, while the 
physical investigator has his own large field in optical, 
thermal, electrical, acoustical, and other phenomena. 
The British Association then, as a whole, faces physical 
nature on all sides and pushes knowledge centrifugally 
outwards, the sum of its labours constituting what Fichte 
might call the sphere of natural knowledge. In the 
meetings of the Association it is found necessary to re- 
solve this sphere into its component parts, which take 
concrete form under the respective letters of our Sections. 

This is the Mathematical and Physical Section. Mathe- 
matics and physics have been long accustomed to coalesce. 
For, no matter how subtle a natural phenomenon may 
be, whether we obser^'c it in the region of sense, or 
follow it into tliat of imagination, it is in the long run 
reducible to mechanical laws. But the mechanical data 
once guessed or given, methoniatics become all-powerful 
as an instrument of deduction. The command of geo- 
metry over the relations of space, the far-reaching power 
which organised symbolic reasoning confers, are potent 
bf)th as means of physical discovery, and of reaping the 
entire fruits of discovery. Indeed, without matliematics, 
expressed or implied, our knowledge of physical sdence 
would be friable in the extreme. 

Side by side with the mathematical method we have 
the method of experiment. Here, from a starting- 
point furnished by his own researches or those of others, 
the investigator proceeds by combining intuition and 
verification. He ponders the knowledge he possesses 
and tries to push it fiirlher, he guesses and checks his 
guess, he conjectures and confirms or explodes his con- 
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Jecture. These guesses and conjectures are by no means 
leaps in the dark ; for knowledge once gaiued casts a 
faint light beyond its own immediate boundaries. There 
IB no discovery so hmitud as not to illurainate something 
I)eyoiid itself. The force of intellectual penetration 
into this penumbral region which surrounds actual know- 
ledge is not, as some seem to think, dependent upon 
inelliod, but upon the genius of the investigator. 
There is, however, no genius so gifted as not to need 
control and verification. Tlie profoundest minds know 
beat that Nature's ways are not at all times their ways, 
and that the brightest flashes iu the world of thought are 
incomplete until they have been proved to have tlteir 
coimterparta in the world of fact. Thus the vocation of 
tlie true experimentalist may be defined as the continued 
exercise of spiritual insight, and its incessant correction 
anil realisation. His experiments constitute a body, of 
wliich his purified intuitions are, as it were, the soul. 

Partly tlirongh mathematical and partly through ex- 
perimental research, physical science has of late years 
assumed a momentous position iii the world. Both in a 
material and in an intellectual point of view it has pro- 
'luoed, and it is destined to produce, immense changes — 
vast social ameliorations, and vast alterations in the 
popolar conception of the origin, rule, and governance 
of natural things. By science, in the physical ^vorld, 
mimclea are wrought, while philosophy is forsaking its 
ancient metaphysical channels and pursuing others which 
have been opened or indicated by scientific research. 
Thismust become more and more the case as philosophical 
writers become more deeply imbued with the methods of 
science, better acquainted with the facts whith scientific 
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men have wcm, and with the great theories which they 
have elaborated. 

If you look at the face of a watch, you see the hour- 
and minute-hands, and possibly also a second-hand, 
moving over the graduated diaL Why do these hands 
move ? and why are their relative motions such as they 
are observed to be ? These questions cannot be answered 
w^ithout opening the watch, mastering its various parts, 
and ascertaining their relationship to each other. When 
this is done, we find that the observed motion of the 
hands follows of necessity from the inner mechanism dl 
the watch, when acted upon by the force invested in the 
spring. 

The motion of the hands may be called a phenomenon 
of art, but the case b similar with the phenomena of 
nature. These also have their inner mechanism, and 
their store of force to set that mechanism going. The 
ultimate problem of physical science is to reveal this 
mechanism, to discern this store, and to show that from 
the combined action of both the phenomena of which 
they constitute the basis must of necessity flow. 

I thought an attempt to give you even a brief and 
sketchy illustration of the manner in which scientific 
thinkers regard this problem would not be uninterestincr 
to you on the present occasion ; more especially as it will 
give me occasion to say a word or two on the tendencies 
and limits of modern science ; to point out the region 
which men of science claim as their own, and where it is 
mere waste of time to oppose their advance, and also to 
define, if possible, the bourne between this and that other 
region to which the questionings and yearnings of the 
scientific intellect are directed in vain. 
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But here your toleraace will be needed. It was the 
American Emerson, I think, who said that it is hardly 
possible to state any truth strongly without apparent in- 
justice to aome other truth. Truth Ls often of a dual 
character, taking the form of a magnet with two poles ; 
and many of the differences wliich agitate the thinking 
part of mankind are \jo be traced to the exclusiveness 
with which partisan reasoners dwell upon one half of 
llie duahty in forgetfulness of the otiier. The proper 
course appears to be to state both halves strongly, 
and allow each its fair share in the formation of the 
resultant conviction. But this waiting for the state- 
ment of tlie two sides of a question imphes patience. 
It implies a resolution to suppress indignation if the 
itatemeut of tlie one half should clash with our con- 
victions, and to repress equally undue elation if the half- 
Btalement sliould happen to chime in with our views. It 
implies a determination to wait calmly for the statement 
of the whole, before we pronounce judgment in the form 
of either acquiescence or dissent. 

This premised, and, I trust, accepted, let us enter upon 
our task. There have been writers who affirmed that 
the pyramids of Egypt were tlie productions of nature ; 
and in his early youth Alexander von Humboldt wrote a 
learned essay with the express object of refuting this 
notion. We now regard the pyramids as the work of 
laeii's hands, aided probably by machinery of which no 
record remains. We picture to ourselves the swarming 
workers toiling at those vast erections, Ufting the inert 
stones, and, guided by the vohtion, the skill, and possibly 
il limes by the whip of the architect, placing them in 
iheir proper positions. The blocks in this case wore 



114 FaAGMEATS OF SCIEXCE. 

moved and poeiled by a power external to tbemsdfes, 
and the final form of the pyramid expressed the thought 
of its human builder. 

Let U3 pass from this illustration of constructive power 
to another of a different kind. Vflicn a solution of com- 
mon salt is slowly evaporated, the water which holds the 
salt in solution disappears, but the salt iteelf remains be- 
hind. At a certain stage of concentration the salt can no 
longer retain the liquid form ; its particles, or molecules, 
an they are called, begin to deposit themselves as minute 
solids, so minute, indeed, as to defy all microscopic power. 
As evaporation continues solidification goes on, and we 
finally obtain, through the clustering together of inau- 
mc-rable molecules, a finite crystalline mass of a definite 
form. What is this form ? It sometimes seems a mimicry 
of the architecture of E^ypt. We have litde pyramids 
built by the salt, tenace above terrace from base to apes, 
forming a series of steps resembhng those up which the 
Egyptian traveller is dragged by his guides. The human 
mind is as little disposed to look unquestioning at these 
pyramidal salt- crystals as to look at the pyramids of 
Egypt without enquiring whence they came. How, then, 
are those salt-pyramids built up ? 

Guided by analogy, you may, if you hke, suppose that 
swarming among tlie constituent molecides of the salt, 
there is an invisible population, controlled and coerced by 
some invisible master, and placing the atomic blocks in 
their positions. This, however, is not the scientific idea, 
nor do I think your good sense wiU accept it as a likely 
one. The scientific idea is that the molecules act upon 
each other without the intervention of slave labour ; tliat 
' attract each other and repel each other at certain 
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definite points, or poles, and in certain definite directions ; 
■ind that the pjTamidal form is the result of this play of 
attraction and repulsion. While, then, the blocks of 
Kpypt were laid down by a power external to themselves, 
these molecular blocks of salt are self-posited, being fixed 
in their places by the forces with which they act upon 
each other. 

I take common salt as an illustration because it is so 
familiar to us all ; but any other crystalline substance 
woidd answer my purpose equally well. Everywhere, in 
fact, throughout inorganic nature, we have this formative 
power, as FicliLe would call it — this structural energy 
ready to come into play, and bmld the ultimate particles 
of matter into definite shapes. The ice of our winters 
and of our polar regions is its haiidywork, and so equally 
arc the quartz, felspar, and mica of our rocks. Our 
cbalk-beds are for the moat part composed of minute 
shells, which are also the product of structural energy ; 
but behind the shell, as a whole, lies a more remote and 
eubUe formative act. These shells are built up of little 
crystals of calc-spar, and to form these crystals the struc- 
taral force had to deal with the intangible molecules of 
carbonate of lime. This tendency on the part of matter 
to organise itself, to grow into shape, to a.ssume definite 
forms in obedience to the definite action of force, is, as I 
have said, all pervading. It is in the ground on which 
you tread, in the water you drink, in the air you breathe. 
Incipient Ufe, as it were, manifests itself throughout the 
whole of what we call inorganic nature. 

The forms of the minerals resulting from this play of 
polar forces are various, and exhibit difiTercnt degrees of 
complexity. Men of science avail themselves of all 
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possible means of exploring their molecular architectureT 
For this purpose they employ in turn as agents of ex- 
ploration, light, heat, magnetism, electricity, and sound. 
Polarised light is especially useful and powerful here. A 
beam of such light, when sent in among the molecules of 
a crystal, is acted on by them, and from this action we 
infer with more or less of clearness the manner in which 
the molecules are arranged. That differences, for ex- 
ample, exist between the inner structure of rocksalt and 
crystallised sugar or sugar-candy, is thus strikingly re- 
vealed. These actions often display themselves in chro- 
matic phenomena of great splendour, the play of mole- 
cular force being so regulated as to remove some of the 
coloured constituents of white light, and to leave others 
with increased intensity behind. 

And now let us pass from what we are accustomed to 
regard as a dead mineral to a hving grain of com. When 
// is examined by polarised light, chromatic phenomena 
similar to those noticed in crystals are observed. And 
why ? Because the architecture of the grain resembles the 
architecture of the crystal. In the grain also the molecules 
are set in definite positions, and in accordance with their 
arrangement they act upon the light. But what has built 
together the molecules of the corn ? I have already said 
regarding crystalline architecture that you may, if you 
please, consider the atoms and molecules to be placed in 
position by a power external to themselves. The same 
hypothesis is open to you now. But if in the case of 
crystals you have rejected this notion of an external 
architect, I think you are bound to reject it now, and to 
conclude that the molecules of the corn are self-poaited by 
the forces with which they act upon each other. It would 
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be poor philosophy to invoke an external agent in tlie one 
case and to reject it in tlie other. 

Instead of cutting our grain of corn into shcea and 
subjecting it to the action of polarised light, let us place 
it in the earth and subject it to a certain degree of warmth. 
In other words, let the molecules, both of the com and 
of the surrounding earth, be kept in that state of agitation 
which we call warmth. Under these circumstances, the 
grruQ and the substances which surround it interact, and 
a definite molecular architecture ia the result A bud is 
fonned ; this bud reaches the surface, where it is exposed 
to the sun's rays, wliich are also to be regarded as a kind of 
vibratory motion. And as the motion of common heat 
with which the grain and the substances surrounding it 
were first endowed, enabled the grain and these substances 
I" exercise their attractions and repulsions, and thus to 
coalesce in definite forms, so the specific motion of tlie 
sun's rays now enables the green bud to feed upon tlie 
carbonic acid and the aqueous vapour of the arr. The bud 
appropriates those constituenta of both for which it has an 
elective attraction, and permits the other constituent to 
resume its place in the air. Tims the architecture is 
*wied on. Forces are active at tlie root, forces are 
active in the blade, the matter of the earth and the mattei; 
of tlie atmosphere are drawn towards the root and blade, 
and the plant augments in size. We have in succession 
llie bud, the stalk, the ear, the full corn in the ear ; the 
cycle of molecular action being completed by the produc- 
tion of grains similar to that with which the process began. 

Now there is nothing in this process which necessarily 
eludes the conceptive or imagining power of the purely 
human mind. An intellect the same in kind as uur own 



118 FRAGJlEyrS OF SCLEyCE. 

would, if only suffidently expanded, be able to follow the 
whole process from b^inning to end. It would see every 
molecule placed in its position by the specific attractions 
and repulsions exerted between it and other molecules, 
the whole process and its consummation being an instance 
of the play of molecular force. Given the grain and its 
environment, the purely human intellect might, if suffi- 
ciently expanded, trace out a priori every step of the 
process of growth, and by the appUcation of purely me- 
chanical principles demonstrate that the cycle must end, 
as it is seen to end, in the reproduction of forms like that 
with which it b^an. A similar necessity rules here to that 
which rules the planets in their circuits round the sun. 

You vrill notice that I am stating my truth strongly, as 
at tlie beginning we agreed it should be stated. But I 
must go stiU further, and affirm that in the eye of science 
the animal body is just as much the product of molecular 
force as the stalk and ear of com, or as the crystal of salt 
or sugar. Many of the parts of the body are obviously 
mecluuiical. Take the human heart, for example, with its 
spteni of valves, or take the exquisite mechanism of the eye 
or hand. Animal heat, moreover, is the same in kind as the 
heat of a fire, bemg produced by the same chemical pro- 
cess. Animal motion, too, is as directly derived from the 
food of the animal, as the motion of Trevethyck's waUdng- 
enmne from the fuel in its furnace. As regards matter, 
the animal body creates nothing; as regards force, it 
creates nothing. Which of you by taking thought can 
add one cubit to his stature ? All that has been said, then, 
r^arding the plant may be restated with regard to the 
animal. Every particle that enters into the composition 
of a muscle, a nei^e, or a bone, has been placed in its 
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poatioQ by molecular force. And unless the existence of 
law in these matters be denied, and the element of caprice 
introduced, we must conclude that, given the relation of 
any molecule of the body to its euviromnent, ita position 
in the body might be determined mathematically. Our 
(lifljciUty is not with the qttality of the problem, but with 
il3 compkjrity ; and this difficulty might be met by the 
eimple espansion of the fncidtiea which we now possess. 
Given this expaoijion, witli the necessary molecular data, 
and the chick might be deduced as rigorously and ia 
Ic^cally from the egg as the existence of Neptuue from 
the distui'banccs of Unmus, or as conical refraction from 
the undulatory theory of light. 

You see I am not mincing matters, but avowing nakedly 
what many scientific thinkers more or less distinctly be- 
lieve. The formation of a crystal, a plant, or an animal, 
is ia their eyes a purely mechanical problem, whifh 
ifiera from the problems of ordinary mechamcs in the 
smallness of the masses and the complexity of the pro- 
caees involved. Here you have one half of our dual 
Initli ; let us now glance at the other half. Associated with 
tbia wonderliil mechanism of the animal body we have 
phenomena no less certain than those of physics, but 
between which and the mechanism we discern no neces- 
sary connection. A man, for example, can say / fed, f 
think, J love ; but how does consciousness infuse itself into 
the problem ? The human brain is sjnd to be the organ 
of thought and feeling; when we are hurt the brain feels 
it, when we ponder it is the brain that tliinks, when our 
pasisions or aflections are excited it is through the instru- 
mentality of the brain. Let us endeavour to be a little 
more precise here. I hardly imagine there exists a pro- 
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found scientific thinker, who has reflected upon Wm 
Buhject, unwilling to admit the extreme probability of the 
hypothesis, that for every fact of consciousness, whether 
in the domain of sense, of thought, or of emotion, a definite 
molecular condition of mot.ion or structure is set up iu the 
brain ; or who would be disposed even to deny that if tlie 
motion or structure be induced by internal causes instead 
of external, the effect on consciousness will be the same ? 
Let any nerve, for example, be thrown by morbid action 
into the precise state of motion which would be communi- 
cated to it by the pulses of a heated body, surely that 
nerve will declare itself hot — the mind will accept the 
subjective intimation exactly as if it were objective. The 
retina may be excited by purely mechanical means. A 
blow on the eye causes a luminous flash, and the mere 
pressure of the finger on the external ball produces a 
star of light, which Newton compared to the circles on a 
peacock's tail. Disease makes people see visions and 
dream dreams ; but, in all such cases, could we examine 
the organs implicjited, we shotdd, on philosophical grounds, 
expect to find them in that precise molecular condition 
which the real objects, if present, would superinduca 

The relation of physics to consciousness being tlius 
invariable, it follows that, given the state of the brain, 
the corresponding thought or fechng might be in- 
ferred ; or given the thought or feeling, the correspond- 
ing state of the brain might be inferred. But how 
i inferred? It would be at bottom not a case of logical 
' Inference at all, but of empirical association. You may 
reply that many of the inferences of science are of 
this character ; the inference, for example, that an 
electric current of a given direction will deflect a mag- 
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■etic needle in a definite way ; but the cases differ in 
rflis, tliat the passage from the current to the needle, if 
not demonstrable, is thinkable, and that we entertain no 
doubt as to the final mechanical solution of the prob- 
lem. But the passive from the physics of the brain to 
the corresponding facts of consciousness is unthinkable. 
Granted that a definite thought, and a definite mole- 
cular action in the bram occur simultaneously; we do 
not possess the intellectual organ, nor apparently any 
rudiment of the organ, which would enable us to pass, 
hy a process of reasoning, from the one to the other. 
They appear together, but we do not know why. Were 
our minds and senses so expanded, strengthened, and 
illuminated as to enable us to see and feel the very mole- 
cules of the brain ; were we capable of following all their 
motions, all their groupings, all their electric discharges, 
if such there be ; and were we intimately acquainted with 
the corresponding sUites of thought and feeling, wc should 
be as far as ever from the solution of the problem, ' How 
are these physical processes connected with the facts of 
consciousness ? ' The chasm between the two classes of 
phenomena would stiU remain intellectually impassable. 
Let the consciousness of love, for example, be associated 
with a right-handed spiral motion of the molecules of the 
brain, and the consciousness of hate with a left-handed 
spiral motion. We should then know when we love that 
the motion is in one direction, and when we hate that the 
motion is in the other ; but the ' why ? ' would remain 
• 413 unanswerable as before. 

In aflirming that the growth of the body is mechanical, 
and that thought, as exercised by us, has its correlative 
in the physics of the brain, I think the position of the 
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' Materialist ' is stated, as far as that position is a teni 
one. I think the materiahst will be able finally to main- 
tain this position against all attacks; but I do not think, 
in the prraent condition of the human mind, that he can 
pass beyond this position. I do not think he is entitled 
to say that his molecular groupings and his molecular 
motions explain everything. In reahty they explain 
nothing. The utmost he can affirm is the association of 
two classes of phenomena, of whose real bond of union he 
is in absolute ignorance. The problem of the connection 
of body and soul is as insoluble in its modern form as it 
was in the prescientific ages. Phosphorus is known to 
enter into the composition of the human brain, and a 
troncliant German writer has exclaimed, ' Ohne Phosphor, 
kein Gedanke.' That may or may not be the case ; but 
even if we knew it to be the case, the knowledge would 
not lighten our darkness. On both sides of the zone 
here assigned to the materialist he is equally helpless. K 
you ask him whence is this 'Matter' of which we liave 
been discoursing, who or what divided it into molecules, 
who or what impressed upon them this necessity of 
running into organic forms, he has no answer. Science 
is mute in reply to these questions. But if the materialist 
is confounded and science rendered dumb, who else is 
prepared with a solution ? To whom has this arm of the 
Lord been revealed P Let us lower our heads and ac- 
knowledge our ignorance, priest and philosopher, one and 
all. 

Perhaps the mystery may resolve itself into know- 
ledge at some future day. The process of things upou 
this earth has been one of amelioration. It is a long way 
fix)m the Iguanodou and hia contemj^wrarios to the Vm 
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sident and Members of the British Association. And 
whellier we re^rd the improvement from the scientific 
or from the theological point of view, as the result of 
pn^^ressive development, or as the result of successive 
exhibitions of creative energy, neither view entitles us to 
aasimie that man's present faculties end the series, — that 
the process of amelioration stops at him. A time may 
therefore come when this ultra-scientific region by which 
we are now enfolded may ofier itself to terrestrial, if not 
to human investigation. Two-thirds of the rays emitted 
by the sun fail to arouse in the eye the sense of vision. 
The rays exist, but the visual organ requisite for their 
translation into light does not exist. And so from this 
region of darkness and mystery which surrounds us, rays 
may now be darting which require but the development 
of the proper intellectual organs to translate them into 
knowledge as far surpassing ours as ours surpasses that of 
the wallowing reptiles whicli once held possession of this 
planet. Meanwhile the mystery is not without its uses. 
It certainly may be made a power in the human soul; 
but it is a power which has feehtig, not kuowledge, for its 
base. It may be, and will be, and I hope is turned to 
account, both in steadying and strengthening the intellect, 
and in rescuing man from that littleness to which, in the 
struggle for existence, or for precedence in the world, he 
is continually prone. 




Musvags on the MatterhorTi, 27tk July, 1868. 



' Hftcked and hurt by time, the upect of the maontain from its higher 
ernes saddeoed me. Hitherto the impressioD it made was that of sartiKB 
strength ; here wo had ineiorable dec*y. But this notion of decay implied 
a reforence to a period when the Matterhom whs in the full strength 
of moimtaiahood. Thought naturally ran back to its remoter origin and 
sculpture. Nor did thought hall there, but wandered on through molten 
worlds to that uebuloua haie which philosophers have regarded, and with 
good reason, as the proximate source of all material things. I tried to look 
at this UQiTersal cloud, containing nttbin itself the prediction of all that 
has since occurred; I tried to imagine it as the seat of those forces whOM 
action was to issue in solar and stellar systems, and all that they inTolTe. 
Did that fonnless fog contdn potentially the sadneM with which 1 regarded 
the Maiterhom P Did the thought which now ran back to it umply i«turn 
to its primeval home? If so, had we not better recast our deSnitions of 
matter and force ; for if life and thought ha the very flower of both, any 
definition which omits life and thought must bo inadequate, if not uotrae. 
Are questions like these warranted? Why not P If the final goal of man 
has not been yet attained ; if bis development has not been yet arrested, who 
can eay that such yeamiugt and questionings are not necessary to the open- 
ing of a finer vision, to the budding and the growth of diviner poweraP 
When I look at the heavens and the earth, at my own body, at my strength 
and weakness of mind, even at these ponderings, and ask myself, is there 
no being or thing in the universe that knows more about these matters than 
I do; what b my answer? Supposing our tteologic schemes of creation, 
cnndemnntiun, and redemption to be dissipated; and the warmth of denial 
which they eicite, and which, as a motire force, can match the warmth of 
alfirmation, dissipated at the aauie time ; would the undeflected human mind 
tetum to the meridian of absolute neutralilyas regards these ultra-physical 
questions ? la such a position one of stable equilibrium ? The channels of 
thought being already formed, such are the questions without replies, 
which could run athwart consciousness during a ten minutes' halt upon the 
tccittheied point of the Matterhom.' 
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'lastly, pht/aietil uwe»tigation more Ihan wnything hmite-a helps to 
Icuh in the aefraai valtie and right uee of the Imnyinat!o7i — of thai 
trinidToyiji faculty., which, left to rambh uncontrolled, IcaiU us astray into 
a uHdemets of perphontief and error*, a land of inistt and shadows ; 
bul trhith propirrly coninlUd by experience and reflection, becomes the 
nnilctt allribut^ of man : the soaree of poetic gcnivs, the iiairmneni of 
dittorary in Seionee, v>Uhout the aid of which Kewttm would never home 
mrented flaxtoris, nor Doxy have decomposed llw earths and alkalies, 
tutr would Columbae have found another Continent.' — Addrraa to tho 
Royal Society hj its Preaident Sir Benjaimn Brodio, November 30, 

I CaBBIBD with rae to the Alps this year the heavy 
burdeu of this eveiiiiig'3 work. In the way of new iii- 
vestigalion I had nothing complete enough to be brought 
before you ; so all that remained to nie was to fait back 
upon such residues as I could find in the depths of con- 
Bciouaness, and out of them to spin the fibre and weave 
the web of this discourse. Save from mcmoiy I had no 
direct aid upon the mountains ; but to spur up the 
emotions, on which so much depends, as well as to nourish 
indirectly the intellect and will, I took with me two 
volumes of poetry, Goethe's ' Farbenlehre,' and the work 
on * Logic' recently published by Mr, Alexander Bain.' 
The spur, I am sorry to say, was no match for the in- 
t^ument of dulness it had to pierce. In Goethe, so 



' One of my critics remarkji, that he does r 
OoatLe'a 'FarlKiilebre' and Bun's 'Logic,' ■ 
Not do I. 



t see the wit of calling 
TO volumes of poetry.* 



25 rm^€iMExn or sczetcbl 

joc»B cc&ernse. I chiefSr nocked the self-inflicted 
BTG oc geiisgc «e h broke hsdf in vMn against th^ 
ASkscccry oc Xewv«^ For a tzme, Mr. Bain became my 
Muiauuj il coGx^os^jcu I ixaod him leamed and practical^ 
lkr»=my :£;ecianDr w^ a dry li^ii. but exhibiting at times 
t AiacL oc eEBix^xal sczeKth, which proved that even 
sbijne ^le c^^tnsziaii fire of humanity. He inte- 



t^sfiai izK vhci^ w!aia!& be becune the mirrcur of my own 
coa&aooL. S«cdKr wtoTfc'iunTli nor socialfy is it good 
far afiisr ^so be j&?c&e. aad d^ gnefe of thought are more 
l^iDesL^y bcrae vbeoi w^ find that they have been expe- 
fienc^ by ^sioc^er. From certun passages in his book 
I <vx:Iid iaier t&^ Mr. Bbin was no stranger to such 
^sorovn;. Take tht^ passa^ as an ilhistration. Speaking 
of d^ eob of xBtie£iectttil force, which we all finom time 
li> tbxne esparieoce. Mr. Bam says^ ^The micertainty 
wImk u> kx4: for the next openii^ of discovery brings 
ike pam v>f cvxtdEici and the ddtHlity oi indecision.' These 
wvxv^ hatv^ bi them the true ring of personal experience- 
Tbo ^.rcxxi v>f ;be lav>e^igator i< perioilic. He grapples 
wi:h * <ubj.ec^ ot eaquiry. wrestles with it, overcomes it, 
exhaxistSv :: m^v be^ both himself and it for the time 
beii^. Uo brvathes^ * space-, and then renews the struggle 
in anvHher field. Xow this pariod of halting between 
two investigations is not always one of pure repose. It 
is often a period of doubt and discomfort, of gloom and 
ennui, ^The imcertaintv where to look for the next 
opening of discovery brings the pain of conflict and the 
debility of indecision.' Such was my precise condition 
m the Alps this year ; in a score of words Mr. Bain has 
here sketched my mental diagnosis ; and it was under 
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iheKevil circiinistjinces that I had to equip myself for 
lie hour and the ordeal that are now come, 

Glaiily, however, as I should have seen this duty in 
other hands, I could by no means shrink from it. Dis- 
loyalty would have been woi-se than fsiilure. In some 
fashion or other — feebly or strongly, meanly or manfully, 
OD the higher levels of thought, or on the flats of common- 
place — the task had to be accomplished. I looked in 
various directions for help and furtherance; but without 
me for a time I saw only ' autres vast,' and within me 
'deserts idle.' My case resembled that of a sick doctor 
'^fio had forgotten his art and sorely neerled the prescrip- 
tion of a friend. Mr. Bain wrote one for me. He said, 
'Your present knowledge must forge the links of ronneo- 
tion between what has been already achieved and what 
18 now required."' In these words he admonished me to 
review the past and recover from it the broken ends of 
, former investigations. I tiied to do so. Previous to 
going to Switzerland I had been thinking much of light 
and heat, of magnetism and electricity, of organic germs, 
atoms, molecules, spontaneous generation, comets, and 
skies. With one or another of these I nfiw sought to 
reform an alliance, and finally succeeded in establishing a 
kind of cohesion between thought and Light. The wish 
\ grew within me to trace, and to enable you to trace, 
soine of the more occult operations of this agent. I 
wished, if jmssible, to take you behind the drop-scene of 
the senses, and to show you the hidden mechanism of 
optical action. For I take it to be well worth the while 
of the scienUfic teacher to take some pains, and oven 



' Induelinn, popte J-SS. 
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great pains, to make those whom he addresses copartnew 
of his thoughts. To clear his own miud in the first place 
of all haze and vagueness, and then to project into 
language which shall leave no mistake as to his meaning 
— which shall leave even his errors naked — the definite 
ideas he has shaped. A great deal is, I think, possible to 
scientific exposition conducted in this way. It is possible, 
I beheve, even before an audionce like the present, to 
uncover to some extent the unseen things of nature ; and 
thus to give not only to professed students, but to othera 
with the necessary bias, industry, and capacity, an intelli- 
gent interest in the operations of science. Time and 
labour are necessary to this result, but science is the 
gainer from the public sympathy thus created. 

How then are those hidden things to be revealed? 
How, for example, are we to lay hold of the physical 
basis of light, since, like that of life itself, it lies entirely 
without the domain of the seus&sP Philosophers may 
be right in affirming that we cannot transcend expe- 
rience ; but we can, at all events, carry it a long way 
from its origin. We can also magnify, diminish, qualify, 
and combine experiences, so as to render them fit for 
purposes entirely new. We are gifted with the power of 
Imagination — combining what the Germans call An- 
schauungsgabe and Einbildungskraft — and by this power 
we can lighten the darkness which surrounds the world 
of the senses. There are tories even in science who 
regard imagination as a faculty to be feared and avoided 
rather than employed. They had observed its action in 
weak vessels, and were unduly impressed by its disasters. 
But they might with equal justice point to exploded 
boilers as an argument against the use of steam. Bounded 
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and conditioned by cooperant Reason, imagination becomes 
the mightieat instrument of the physical discoverer. 
Ifewton's passage from a falling apple to a falling moon 
was, at the outset, a leap of the imagination. When 
William Thomson tries to place the ultimate particles of 
matter between his compass points, and to apply to them 
a scale of millimetres, he is powerfully aided by this 
fiiculty. And in much that has been recently said about 
protoplasm and hfe, we have the outgoings of the imagi- 
nation guided and controlled by the known analogies of 
science. In feet, without this power, our knowledge of 
nature would be a mere tabulation of co-existences and 
sequences. We should still believe in the succession of 
day and night, of summer and winter ; but the soul 
of Force would be dislodged from our universe ; causal 
relations would disappear, and with them that science 
which is now binding the parts of nature to an organic 
whole. 

I should hke to illustrate by a few simple instances the 
use that scientific men have already made of this power 
of imagination, and to indicate afterwards some of the 
Wther uses that they are likely to make of it. Let ua 
btgin with the rudimentary experiences. Observe the 
falling of heavy rain-drops into a tranquil pond. Each 
drop as it strikes the water becomes a centre of dis- 
turbance, from which a series of ring-ripples expand 
outwards. Gravity and inertia are the agents by which 
this wave-motion is producet-1, and a rough experiment 
will suffice to show that the rate of propagation does not 
amount to a foot a second. A series of slight mechanical 
shocks is experienced by a body phmged in the water as 
the wavelets reach it in succession. But a finer motion is 
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at the same time set up and propagated. If the head and 
ears be immersed in the water, as in an experiment of 
Franklin's, the shock of the drop is communicated to the 
auditory nerve — the tick of the drop is heard. Now this 
sonorous impulse is propagated, not at the rate of a foot a 
second, but at the rate of 4,700 feet a second. In this 
case it b not the gravity, but the elasticity of the water 
that is the urging force. Every liquid particle pushed 
against its neighbour delivers up its motion with extreme 
rapidity, and the pulse is propagated as a thrill. The 
incompressibihty of water, as illustrated by the famous 
Florentine experiment, is a measure of its elasticity, and 
to the possession of this property in so high a degree the 
rapid transmission of a sound-pulse tlirougli water is to 
be ascribed. 

But water, as you know, is not necessary to the con- 
duction of sound ; air is its most common vehicle. And 
you know tliat when the aii' i>ossesses the particular 
density and elasticity corresponding to the temperature 
of freezing water the velocity of sound in it is 1,090 feet 
a second. It is almost exactly one-fourth of the velocity 
in water ; the reason being that though the greater 
weight of the water tends to diminish the velocity, the 
enormous molecular elasticity of the liquid far more than 
atones for the disadvantage due to weight. By various 
contrivances we can compel the vibrations of the air to 
declare themselves ; we know the length and frequency 
of sonorous waves, and we have also obtained great 
mastery over the various methods by which the air is 
thrown into vibration. We know the phenomena and 
laws of vibrating rods, of organ-pipes, strings, membranes, 
plates, and bells. We can abolish one sound by another. 
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We kuow the physical meaning of music and noise, of 
harmory and discord. In short, as regards sounds we 
hare a very clear notion of the external pliysical pro- 
cesses which correspond to our sensations. 

In these phenomena of sound we travel a very little 
way from downright sensible exiierience. Stiil the ima- 
gination ie to some extent exercised. The bodily eye, for 
example, cannot see tl e condensations and rarefactions of 
(be waves of sound. We construct them in thought, and 
we believe as firmly in their existence as in that of the 
«r ilaelf. But now our experience has to be carried into 
a new region, where a new use is to be made of it. 
Having mastered the cause and mechanism of sound, we 
desire to know the (^use and mechanism of hght. We 
wish to extend our enquiries from the auditory nerve 
to the optic nerve. There is in the human intellect a. 
power of expansion — 1 might almost call it a power of 
rreation — which is brought into play by the simple 
brooding upon facta. The legend of the Spirit brooding 
over chaos may have originated in a knowledge of this 
power. In the rase now before us it has manifested 
itself by transplanting into space, for the purposes of 
light, an adequately modified form of the mechanism of 
sound. We know intimately whereon the velocity of 
sound depends. When we lessen the density of a medium 
and preserve its elasticity constant we augment the velo- 
city. When we heighten the elasticity and keep the 
density constant we also augment the velocity. A small 
density, therefore, and a great elasticity, are the two 
things necessary to rapid propagation. Now light is 
known to move with the a.stounding velocity of 185,000 
miles a second. How is siicli a velocity to be obtained 2 
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By boUlT diffitang in space a medium of the requisite 
temmraiid ebsddtr. 

Let us make sash a medium our startiug point, en- 

doviug it with one or two other neoesBary qualities ; let 

Bs handle il in aocordanoe with strict mechanical laws ; 

let Bs giTe to every step of our deduction the surety of 

the syllogism ; let us cazry it thus fi»rth from the world of 

imi^inatiQn into the wcHld of sense, and see whether the 

final ootdop of the deduction be not the very phenomena 

of %ht whidi or^nary knowledge and sldlled experiment 

leveal. If in aU the multiplied varieties of these pheno- 

aieDa« indo^ii^ those ci the most remote and entangled 

description, this fundamental conc^tion always brings us 

fi^e to &ce with the truth ; if no contradiction to our 

deductions from it be found in extamal nature, but 

an all sides i^reement and verification ; if, moreover, 

m in the case of Gcnical B^raction and in other cases, 

it has actually forced upon our attention phenomena 

which no eye had previously seen, and which no mind 

h^ pff^viously imagined, such a oonception, which never 

di^ppoints us« but al¥rays lands us on the solid shores of 

£iot. must^ we think, be something more than a mere 

fisjment of the scientific fimcy. In forming it that com- 

posi^ite and creative unity in which reason and imagination 

ait> tocether blent, has, we believe, led us into a world 

not Ieti9 i^ than that of the senses, and of which the 

world of sense itself is the suggestion and justification. 

Far be it finom me, however, to wish to fix you immov- 
ably in this or in any other theoretic conception. With 
all our belief of it, it will be well to keep the theory 
plastic and capable of change. You may, moreover, uige 
that although the phenom^ia occur as if the medium 
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4 the absolute demonstration of its esistcnce ia still 
wanting- Far be it from me to deny to this reasoning 
such validity as it may fairly claim. Let U8 endeavour 
by means of analogy to form a fair estimate of its force, 
i'ou believe that in society you are surrounded by reason- 
able beings like yourself. You ore perhaps as firmly 
convinced of this as of anything. What is your warrant 
for this conviction ? Simply and solely this, your fellow- 
creatures behave as if they were reasonable ; the hyijo- 
thesis, for it is nothing more, accounts for the facts. To 
take an eminent example : you believe that our President 
is a reasonable being. Why ? There is no known method 
of superposition by which any one of us can apply himself 
intellectually to another so as to demonstrate coincidence 
as Hoards the possession of reason. If, therefore, you 
hold our President to be reasonable, it is because he be- 
haves as if he were reasonable. As in the case of the 
tether, beyond the ' as if you cannot go. Nay I should 
not wonder if a close comparison of the data on which 
both inferences rest, caused m^ny respectable persons tt» 
conclude that the iether had the best of it. 

This imiversal medium, this light-ajther as it is called, Is 
a vehicle, not an origin of wave-motion. It receives and 
transmits, but it does not create. Whence does it derive 
the motions it conveys ? For the most part from luminous 
bodies. By this motion of a luminous body I do not 
mean its sensible motion, such as the flicker of a candle, 
or the shooting out of red pronoinences from the limb of 
the sun. I mean an intestine motion of the atoms or 
molecules of the luminous body. But here a certain 
reserve is necessary. Many chemists of the present day 
lefuse to speak of atoms and molecules as real things. 
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Their caution leads them to stop short of the dear, sharp, 
mechanically intelHgible atomic theory enunciated by 
Dalton, or any form of that theory, and to make the doc- 
trine of multiple proportions their intellectual bourne. 
I respect the caution, though I think it is here misplaced. 
The chemists who recoil from these notions of atoms and 
molecules accept without hesitation the Undulatory 
Theory of Light. Like you and me they one and all 
believe in an aether and its hght-producing waves. Let 
us consider what this belief involves. Bring your imagi- 
nations once more into play and figure a series of sound- 
waves passing through air. Follow them up to their 
origin, and what do you there find ? A defiidte, tangible, 
vibrating body. It may be the vocal chords of a human 
being, it may be an organ-pipe, or it may be a stretched 
string. Follow in the same manner a train of aether waves 
to their source ; remembering at the same time that your 
aether is matter, dense, elastic, and capable of motions 
subject to and determined by mechanical laws. What 
then do you expect to find as the source of a series of 
aether waves ? Ask your imagination if it will accept a 
vibrating multiple proportion — a numerical ratio in a 
state of oscillation ? I do not tliink it will. You cannot 
crown the edifice by this abstraction. The scientific imagi- 
nation, which is here authoritative, demands as the origin 
and cause of a series of aether waves a particle of vibrating 
matter quite as definite, though it may be excessively 
minute, as that which gives origin to a musical sound. 
Such a particle we name an atom or a molecule. I think 
tlie seeking intellect when focussed so as to give definition 
without penumbral haze, is sui'c to realise this image ut 
the last. 
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With the view ol" preserving thought continuous 
iWughout this discourse, and of-preventing either failure 
of knowledge or of memory from causing any rent in our 
picture, I here propose to run rapidly over a bit of ground 
wMch is probably famiUar to most of you, but which I am 
anxious to make familiar to you all. The waves generated 
in the letiier by the swinging atoms of luminous bodies 
are of different lengths and amplitudes. The amplitude is 
the width of swing of the individual particles of the wave. 
la water-waves it is the height of the crest above the 
trough, whUe the length of the wave is the distance 
between two consecutive crests. The aggregate of waves 
emitted by the sun may be broadly divided into two 
classes: the one class competent, the other incompetent, 
to excite vision. But the hght-producing waves differ 
markedly among themselves in size, form, and force. 
The length of the largest of these waves is about twice 
that of the smallest, but the amplitude of the largest is 
probably a hundred times that of the smallest. Now the 
force or energy of the wave, which, expressed with refer- 
ence to sensation, means the intensity of the hght, is 
proportional to the square of the amplitude. Hence the 
amplitude being one-hundredfold, the energy of the largest 
light-giving waves would be ten-thousandfold that of the 
emallest. This is not improbable. I use these figures 
not with a view to numerical accuracy, but to give you 
definite ideas of the differences that probably exist among 
die light-giving waves. And if we take the whole range 
of solar radiation into account — its non-visual as well as its 
visual waves— I think it probable that the force or energy 
of the largest wave is a milhon times that of the smallest. 
Turned into thtir equivalents of sensation, the different 
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light-waves produce different colours. Bed, for example, 
is produced by tbe largest waves, violet by the smallesL, 
while greeD is produced by a wave of iut^miediate length 
and amplitude. On entering £n>ni air into more highly 
refracting substances, such as glass or water, or the 
sulphide of carbcHi, all the waves are retarded, but the 
smallest ones moeL This fiimi^es a means of sepa- 
rating the difierent classes of waves from each other; 
in other words, of analysing the hghL Seat through a 
refracting prism, the waves of the sun are turned aside 
in different degrees from their direct course, the red 
least, the violet most. They are virtually pulled asunder, 
and they paint upon a white screen placed to receive 
them ' the solar spectrum.' Strictly speaking, the spec- 
trum embraces an infinity of colours, but the limits of 
language and of our powers of distinction cause it to be 
divided into seven segments : red, orange, yellow, blue, 
indigo> violet These are the seven primary or prismatic 
colourB. 

Separately, or mixed in various proportions, tbe solar 
waves yield all the colours observed in nature and cm- 
ployed in art™ Collectively, they give us the impression 
of whiteness. Pure unafted solar light is white ; and 
if all the wave-constituents of such light be reduced iu 
the same proportion, the light, though diminished in 
intensity, will still be white. The whiteness of Alpine 
snow with the sun shining upon it, is barely tolerable 
lo the eye. The same snow under an overcast firmament 
is still white. Such a firmament enfeebles the light 
by reflection, and when we lift oui^selves above a cloud- 
field — to an A]]jine summit, for ijistance, or to the top 
lowdon — and see, in the proper direction, ib»4 
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sliining on the clouds, they appear dazzlingly white. 
j Ordinary clouds, in fact, divide the solar light impiuging 
I on them into two parts— a reflected part and a trans- 

Imitted part, in each of which the proportions of wave- 
motion which produce the impression of whiteness are 
sensibly preserred. 

It will be understood that the conditions of whiteness 
would fail if all the waves were diminished equally, or by 
the same absolute quantity. They must be reduced pro- 
portionately, inetead of equally. If by the act of re- 
flection the wa^'ca of red light are spht into exact halves, 
then, to preserve the light white, the waves of yellow, 
orange, green, and blue must also be split into exact 
halves. In short, the reduction must take place, not by 
absolutely equal quanlities, but by equal fractional parts. 
In white light the preponderance as regards energy of 
the larger over the smaller waves must always be im- 
mense. Were the case otherwise, the physiolc^cal 
correlative, blue, of the smaller waves would have the 
upper hand in our sensations. 

My wish to render our mental images complete, causes 
me to dwell briefly upon these known points, and the 
same wish wiU cause me to linger a little longer among 
others. But here I am disturbed by my reflections. 
When I consider the effect of dinner upon the nervous 
system, and the relation of that system to the intellectual 
powers I am now invoking — when I remember that the 
universal experience of mankind has fixed upon certain 
definile elements of perfection in an after-diuner speech, 
and when I think how conspicuous by their absence these 
elements are on the present occasion, the thought is not 
comforting to a man who wishes to stand well with his 
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feUow-credtures in gent^uL and with the members of the 
British Association in particuLir. My condition might 
well resemble that of the ather, which is scientifically 
defined as an assemblage of vibrations. And the worst 
of it is that unless you reverse the general verdict r^ard- 
ing the efiect of dinner, and prove in your own persons 
that a uniform experience need not continue uniform — 
which will be a great point gained for some people — 
these tremors of mine are likelv to become more and 
more painful. But I caU to mind the comforting words 
of an inspired though uncanonical writer, who admonishes 
us in the Apocrypha that fear is a bad counsellor. Let 
me then cast him out, and let me trustfiilly assume that 
you will Gae and all postpone that balmy sleep, of which 
dinner might under the circumstances be regarded as the 
indissoluble antecedent, and that you will manfully and 
womaufully prolong your investigations of the aether and 
its waves into regions which have been hitherto crossed 
by the pioneers of science alone. 

Not only are the waves of aether reflected by clouds, by 
solids, and by liquids, but when they pass from light air 
to dense, or from dense air to light, a portion of the wave- 
motion is always reflected. Now our atmosphere changes 
continually in density from top to bottom. It will help 
our conceptions if we regard it as made up of a series of 
thin concentric layers, or shells of air, each shell being of 
the same density throughout, and a small and sudden 
change of density occurring in passing from shell to shell, 
light would be reflected at the limiting surfaces of all 
these shells, and their action would be practically the same 
as that of the real atmosphere. And now I would ask 
your imagination to picture this act of reflection. What 
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must become of the reflected light ? The atmospheric 
layers turn their convex surfaces towards the sun, they 
are so inany convex mirrors of feeble power, and you will 
immediately perceive that the light regularly reflected 
from these sui'faces cannot reach the earth at all, but is 



m space. 

But though the sun's hght is not reflected in this fashion 
from the aerial layers to the earth, there is indubitable 
evidence to sliow that the light of our firmament is re- 
flected light. Proofs of the most cogent description could 
be here adduced ; but we need only consider that we 
receive light at tlie same time from all parts of the hemi- 
sphere of heaven. The light of the firmament comes 
to US acn)sa the direction of the solar rays, and even 
against the direction of the solar rays; and this lateral 
and opposing rush of wave-motion can only be due to 
the rebound of the waves from the air itself, or from 
something suspended in the air. It is also evident that, 
unlike the action of clouds, the solar light is not reflected 
by the sky in the proportions which produce white. 
The sky is blue, which indicates a deficiency on part of 
the larger waves. In accounting for the colour of the 
sky, the fu^st question suggested by the analogy would 
undoubtedly be, Is not the air blue.^ The blueness of 
the air has in fact been given as a solution of the blueness 
of the sky. But reason, baaing itself on observation, asks 
in reply, How, if the air be blue, can the light of sunrise 
and sunset, which travels through vast distances of air, 
be yellow, orange, or even red ? The passage of white 
solar light through a blue medium could by no possibility 
rwlden the hght. The hypothesis of a blue air is therefore 
untenable. In fa<"t the agent, wliatevfi' it is, which (sends 
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US the liglit of tlie sky, exercises in so doing a dichroitic 
action. The light reflected is blue, the light transmitted 
is orange or red, A marked distinction is thus exhibited 
between the matter of the sky and that of an ordinaiy 
cloud, which exercises no such dichroitic action. 

By the force of imagination and reason combined we 
may penetrate this mystery also. The cloud takes no 
note of size on the part of the waves of aither, but reflects 
them all alike. It exercises no selective action. Now 
the cause of this may be that the cloud particles are so 
large in comparison with the size of the waves of sether 
as to reflect them all indifferently. A broad cliS" reflects 
an Atlantic roller as easily as a ripple produced by a sea- 
bird's wing ; and in the presence of large reflecting sur- 
faces, the existing diflerences of magnitude among the 
waves of aether may disappear. But supposing the re- 
flecting particles, instead of being very Urge, to be very 
small, in compiu-ison with the size of the waves. In this 
case, instead of the whole wave being fronted and in 
great part thrown back, a small portion only is shivered 
off". The great mass of the wave passes over such a 
particle without reflection. Scatter then a handful of 
such minute foreign particles in our atmosphere, and set 
imagination to watch their action u]}on the solar waves. 
Waves of all sizes impinge upon the particles, and you 
see at every collision a portion of the impinging wave 
struck off". All the waves of the spectrum, from the 
extreme red to the extreme violet, are thus acted 
upon. But in what proportions will the waves be scat- 
tered F A clear picture will enable us to anticipate the 
experimental answer. Eemembering that the red waves 
are to the blue much in the relation of billows to ripples. 
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let US coDsider whether those extremely small particles 
are competent to scatter all the waves in the same pro- 
portion. If they be not — and a httle reflection will make 
it clear to you that they are not — the production of colour 
must be an incident of the scattering. Largeness is a 
thing of relation ; and the smaller the wave, the greater is 
the relative size of any particle on which the wave im- 
pinges, and the greater also the ratio of the scattered 
portion to the total wave. A pebble placed in the way 
of the ring-ripples produced by our heavy rain-drops 
on a tranquil pond will throw back a large fraction of 
the ripple incident upon it, while the fractional part of n 
larger wave thrown back by the same pebble might be 
infinitesimal. Now we have already made it clear to 
OUT minds that to preserve the solar light white, its con- 
stituent proportions must not be altered ; but in the act 
of division performed by these very small particles we 
see that the proportions are altered ; an undue fraction 
of the smaller waves is scattered by the particles, and, as 
a consequence, in the scattered light, blue will be the 
predominant colour. The other colours of the spectrum 
must, to some extent, be associated with the blue. They 
are not absent but deficient. We ought, in fact, to have 
tbem all, but in diminishing proportions, from the violet 
to the red 

We have here presented a case to the imagination, 
and, assuming tlie undulatory theory to be a reality, we 
have, I think, fairly reasoned our way to Uie conclusion, 
that were particles, small in comparison to the size of the 
ffither waves, sown in our atmosphere, the light scattered 
by those particles would be exactly such as we observe in 
our azure skies. When this hght is analysed, all the colours 
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of the spectrum are found ; but they are found in the 
proportions indicated by our conclusion. 

Let us now turn our attention to the light which passes 
unscattered among the particles. How must it be finally 
affected ? By its successive collisions with the particles 
the white light is more and more robbed of -its shorter 
waves ; it therefore loses more and more of its due pro- 
portion of blue. The result may be anticipated. The 
transmitted Ught, where short distances are involved, will 
appear yellowish. But as the sun sinks towards the 
horizon the atmospheric distances increase, and con- 
sequently the number of the scattering particles. They 
abstract in succession the violet, the indigo, the blue, and 
even disturb the proportions of green. The transmitted 
light under such circumstances must pass from yellow 
through orange to red. This also is exactly what we 
find in nature. Thus, while the reflected light gives us 
at noon the deep azure of the Alpine skies, the trans- 
mitted light gives us at sunset the warm crimscm of the 
Alpine snows. The phenomena certainly occur as if our 
atmosphere were a medium rendered slightly turbid by 
the mechanical suspension of exceedingly small foreign 
particles. 

Here, as before, we encounter our sceptical * as if' It 
is one of the parasites of science, ever at hand, and ready 
to plant itself and sprout, if it can , on the weak points of 
our philosophy. But a strong constitution defies the 
parasite, and in our case, as we question the phenomena, 
probability grows like growing health, until in the end 
the malady of doubt is completely extirpated. The first 
question that naturally arises is — Can small particles be 
really proved to act in the manner indicated ? No doubt 
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of it. Each one of you can submit the question to an 
Gxperimentnl test. Water will not dissolve resin, but 
s(»iril, will ; and when spirit which holds resin in solution 
is dropped into water, the resin immediately separates in 
solid particles, wliieh render the water milky. Tlie 
coarseness of this precipitate depends on the quantity of 
the dissolved resin. You can cause it to sejmrate in 
thick clots or in exceedingly fine particles. Professor 
Briicke has given U9 the [iroportions which produce 
panicles particularly suited to our present purpose. One 
gramme of clean mastic is dissolved in eighty-seven 
grammes of absolute alcohol, and the transparent solution 
is allowed to drop into a beaker containing clear water 
kept briskly stirred. An exceedingly fine precipitate is 
thus fomietl, which declares its presence by its action 
upon Ught. Placing a dark surface behind the beaker, 
and permitting the light to faU into it from the top or 
front, the medium is seen to be distinctly blue. It is not 
I>erliaps so perfect a blue as I have seen on exceptional 
days, this year, among the Alps, but it is a veiy fair sky- 
blue. A trace of soap in water gives a tint of blue. 
London, and I fear Liverp<x)l milk, makes on approxima- 
tiun to the same colour through the operation of the 
Mme cause ; and Helmholtz has irreverently disclosed the 
fact that the deepest blue eye is simply a turbid medium. 
The action of turbid media upon light was illustrate*! 
by Goethe, who, though unacquainted with the nndula- 
tory theory, was led by his experiments to regard the 
linnament as an illuminated turbid medium with the dark- 
ness of space behind it. He describes glasses showing a 
bright yellow by transmitted, and a beautiful bine t)y 
reflaHed light. Professor Stokes, who was probably the 
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the lower portion of a column against a dark pine, and 
ila upper portion against a bright cloud. The smoke 
in tlie former case was blue, being seen mainly by reflected 
light ; in the latter case it was reddish, being seen mainly 
by Iransmitted light. Such smnke was not in exactly the 
condition to give us the glow of the Alps, but it was a 
slep in this direction. Briicke's fine precipitate above 
referred to looks yellowish by transmitted light, but by 
duly strengthening the precipitate you may render the 
white light of noon as niby-coloured as the sun when 
seen through Liverpool smoke, or upon Alpine horizons. 
I do not, however, (joint to the gross smoke arising from 
coal as an illustration of the action of small particles, 
because such smoke soon absorbs and destroys the waves 
of blue instead of sending them to tlie eyes of the ob- 
senrer. 

These multifarious facts, and numberless others which 
cannot now be referred to, are explained by reference to 
the single principle, that where the scattering particles 
are small in comparison to the size of the waves we have 
in the reflected light a greater proportion of the smaller 
waves, and in the transmitted light a greater proportion 
of tlie larger waves, than existed in the original white 
light. The physiological consequence is that in the one 
light blue is predominant, and in the other light orange 
or red. And now let us push our enquiries forward. 
Our best microscopes can readUy reveal objects not more 
than TTWiTS*'' ^^ ^" '"'^^ in diameter. This is less tlian 
the length of a wave of red light. Indeed a first-rate 
microscope would enable us to discern objects not exceed- 
ing in diameter the length of the smallest waves of the 
visible spectrum. By the microscope therefore we can 
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submit our particles to an experimental test If they are 
as large as the light-waves they will infiallibly be seen : 
and if they ai-e not seen it is because they are smaller. I 
placed in the hands of our President a bottle containing 
Briicke's particles in greater number and coarseness than 
those examined by Briicke himself. The liquid was a 
milky blue, and Mr. Huxley applied to it his highest 
microscopic power. He satisfied me at the time that had 
particles of even -nnnnnr^h of an inch in diameter existed 
in the liquid they could not have escaped detection. But 
no particles were seen. Under the microscope the turbid 
liquid was not to be distinguished from distilled water. 
Briicke, I may say, also found the particles to be of ultra- 
microscopic magnitude. 

But we have it in our power to imitate far more closely 
than we have hitherto done the natural conditions of this 
problem. We can generate in air, as many of you know, 
artificial skies, and prove their perfect identity with the 
natural one, as regards the exhibition of a number of 
wholly unexpected phenomena. By a continuous process 
of growth, moreover, we are able to connect sky-matter, 
if I may use the term, with molecular matter on the one 
side, and with molar matter, or matter in sensible masses, 
on the other. In illustration of this, I will take an ex- 
periment described by M. Morren of Marseilles at the last 
meeting of the British Association. Sulphur and oxygen 
combine to form sulpliurous acid gas. It is this choking 
gas tliat is smelt wlien a sulphur match is burnt in air. 
Two atoms of oxygen and one of sulphur constitute the 
molecule of sulphurous acid. Now it has been recently 
shown in a great number of instances that waves of sther 
issuing from a strong source, such as the sun or the 
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light, are competent to shako asunder the 
of gaseous molecules. A chemist would call this 
'decomposition ' by light ; but it behoves us, who are 
examining the power and function of the imagination, 
to keep constantly before ub the physical images 
which underlie our terms. Therefore I say, sharply and 
definitely, that the components of the molecules of sul- 
phurous acid are shaken asunder by the Bether waves. 
Enclosing the substance in a suitable vessel, placing it 
in a dark room, and sending through it a powerful beam 
of light, we at firet see nothing; the vessel containing 
the gas is as empty as a vacuum. Soon, however, along 
the track of the beam a beautiful sky-blue colour is ob- 
served, wiiich is due to the liberated particles of sulphur. 
For a time the blue grows more intense ; it then becomes 
wliilish ; and from a whitish blue it passes to a more or 
leas perfect wliite. If the action be continued long 
enough, we end by filling the tube with a dense cloud of 
sulphur particles, which by the application of proper 
means may be rendered visible. 

Here then our a;ther waves untie the bond of chemical 
affinity, and liberate a body — sulphur — which at ordinary 
temperatures is a solid, and which therefore soon becomes 
an object of the senses. We have first of all the free 
atoms of sulphur, which are botli invisible and incom- 
petent to stir the retina sensibly with scattered light. 
But these atoms gradually coalesce and form particles, 
which grow larger by continual accretion until after a 
minute or two they appear as sky-matter. Li this con- 
dition they are invisible themselves, but competent to 
Bcnd an amount of wave-molion to the retina sufficient 
to produce the finnamental blue. The particles continue, 
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or may be caused to ocmtiiiue, in this ocmditicm for a con- 
fflderable time, during which no microscope can cope 
with them. But they continually grow laiger, and pass 
by insensible gradations into the state of cloiui, when 
they can no longer elude the armed eye. Thus without 
solution of continuity we start with matter in the mole- 
cule, and end with matter in the mass, sky-matter being 
the middle term of the series of transformations. 

Instead of sulphurous add, we might choose from a 
dozen other substances, and produce the same effect with 
any of them. In the case of some — probably in the case 
of all — ^it is possible to preserve matter in the skyey con- 
dition for fifteen or twenty minutes under the continual 
operation of the light During these fifteen or twenty 
minutes the particles are constantly gro¥mig larger, with- 
out ever, exceeding the size requisite to the production 
of the celestial blue. Now when two vessels are placed 
before you, each containing sky-matter, it is possible to 
state with great distinctness which vessel contains the 
largest particles. The retina is very sensitive to differences 
of light, when, as here, the eye is in comparative dark- 
ness, and when the quantities of wave-motion thrown 
against the retina are small. The larger particles de- 
clare themselves by the greater whiteness of their scat- 
tered light. Call now to mind the observation, or effort 
at observation, made by our President, when he failed to 
distinguish the particles of mastic in Briicke s medium, 
and when you have done so follow me. I permitted a 
beam of light to act upon a certain vapour. In two 
minutes the azure appeared, but at the end of fifteen 
minutes it had not ceased to be azure. After fifteen 
minutes,^ for example, its colour, and some other pheno- 
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iueiia, pronounced it to be a blue of distinctly smaller 
parUclus than those sought for in vain by Mr. Huxky. 
These particles, aa already stated, must iiave been less 
than TWfrirffth of an inch in diameter. And now I want 
you to submit to your imagination the following question : 
Here are particles which have been growing continually 
for fifteen minutes, and at the end of that time are de- 
monstrably smaller than those whicli defied the microscope 
ofMr. Hu>dey: — what nuist have been tite size of tfiese 
partu-les at the bcjinning of their growth ? What notion 
can you form of the magnitude of such particles ? Tlie 
distances of stellar space give ua simply a bewildering 
seaae of vastness without leaving any distinct impressiou 
on the mind, and the magnitudes with which we have 
here to do bewilder us equally in the opposite direction. 
We are dealing with infinitesimals compared with which 
tlie test objects of the microscope are literally immense. 

From their perviousness to stellar light, and other con- 
siderations, Sir John Herschel drew some startling con- 
chwions regarding the density and weiglit of comets. 
You know that these extraordinary and mysterious 
bodies sometimes throw out tails 100,000,000 of miles in 
Icngtli, and ."jCOOO miles in cUameter. The diameter of 
our eartli is 8,000 miles. Both it and the sky, and a 
good portion of space beyond the sky, would certainly be 
included in a sphere 10,000 miles across. Let us fill a 
hollow sphere of this diameter witli cometary matter, 
and make it our unit of measure. To produce a 
comet's tail of the size just mentioned about 300,000 
sucii measures would have to be emptied into space. 
Now suppose the whole of this stud' to be swept together, 
and suitably compressed, what do you suppose its volume 
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wcmil be? Sr John Herachd would probably tell you 
dttt the whole mm m^t be cuted away at a single 
dbft by one of your dn^-hcxaesL In fiK^t, I do not know 
that he would require more than a small fi:action of a 
hoise-pawer to remove the ocmietaiy dust After this 
jtm win hardh* regard as monstrous a notim I have 
sometimes entertained cywoeming the quanti^ oi matter 
in our skr. ^q^ioee a shell to surround the earth at a 
be^t above the saifiK!e whidi would place it beyond the 
grosECT matter that hangs in the lowear regions of the air 
— atj at the hdght of the Matterfaorn or Mont Blanc 
Outside thb didl we have the deep blue firmament Let 
the atoKispheric space beyond the shdl be swept dean, 
and let the skyHnatler be properly gathered up. What 
b its piohaUe amount ? I have scmietimes thought that 
a hdy s porunanteau would contain it aU. I have thought 
that evien a gaitkman s 'portmanteau — ^poaably his snuff- 
lx>x — UKght take it in. And whether the actual sky be 
o^palve 1^ this amount of condensation or not, I entertain 
:k> vk>ub: that a sky quite as vast as ours, and as good in 
;ftp:x^u:uiKV« ci'Hdd l^ formed frcHn a quantity of matter 
which murht be hekl in the hoUow of the hand. 

Siuail iu ma:«s§;« the vastness in point of number of the 
)>artiv'leE^ of our sky may be inferred finom the continuity 
i>f it;^ lights It is not in bioken patches, nor at scattered 
(xnnt$ that the heavenly azure is revealed. To the ob- 
:^'n'or i>n the summit of Mont Blanc the blue is as imiform 
aiul i\ Jioxvnt as if ii formed the surface of the most close- 
giuiiuxl ^^Uid. A marble dome would not exhibit a 
«ariotor ix^itinuity* And Mr. Glaisher will inform you 
tlmt if our hj-jxnhoUcal shell were lifted to twice the 

rht 1^ Mimt Blanc above the earth s sur&cc, we should 
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still have the azure overliead. Everywhere through the 
atmosphere those sky-particles are strewn. They fill the 
Alpine valleys, spreading Uke a delicate gauze in front of 
the elopes of pine. They sometimes so swathe the peaks 
with light as to aboUsh their definition. This year I have 
seen the Weisshoni thua dissolved in opalescent air. By 
proper instniments the glare thrown from the sky-particlea 
against the retina may he quenched, and then the moun- 
tain which it obliterated starts into sudden definition. 
Its extinction in front of a dark mountain resembles 
exactly the withdrawal of a veil. It is the light then 
taking possession of the eye, and not the particles acting 
as opaque bodies, that interfere "with the definition. By 
day this light quenches the stars; even by moonlight it ia 
able to exclude from vision all stars between the fifth and 
the eleventh magnitude. It may be likened to a noise, 
and Uie stellar radiance to a whisjier drowned by the noise. 
What is the nature of the particles which shed this 
light? The celebrated De la Rive ascribes tlie haze of 
the Alps in fine weather to floating organic germs. Now 
the possible existence of germs in euch profusion lias been 
held up as an absurdity. It has been aflSrmed that they 
would darken the air, and on the assumed impossibility 
of their existence in the requisite numbers, without inva- 
sion of the solar hght, a powerful argument has been 
based by believers in spoutaneous generation. Similar 
ailments have been used by the opponents of the 
germ theory of epidemic disease, who have trium- 
phantly cliallenged an appeal to the microscope and the 
chemist's balance to decide the question. Such argu- 
ments are absolutely valueless. Without committing 
myself in the least to De la Kive's notion, without offering 
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mmj obfectioQ liere to the doctrine of spoDtaneoiis g^iera- 
tioD, without ex[»e8aiiig any adh^-ence to the germ theory 
of disease, I would simply draw attention to the &ct that 
in the atmoqrfiere we have particles which defy both the 
microso^ and the balancep which do not darken the air, 
and which exist, nevertheless, in multitudes sufficient to 
reduce to insignificance the laraehtish hyperbole regard- 
is^ the sands upon the seashore. 

The varying judgments of men on these and other 
questions may perhaps be, to some extent, accounted for 
by that doctrine of Relativity which plays so important a 
part in philosophy. This doctrine affirms Uiat the impres- 
aons made upon us by any circumstance, or combination 
of circumstances, depend upon our previous state. Two 
travellers upon the same peak, the one having ascended 
to it from the plain, the other having descended to it 
from a higher elevation, will be differently affected by the 
scene around them. To the one nature is expanding, to 
tlie other it is contracting, and feelings are sure to differ 
which have two such different antecedent states. In our 
scientific judgments the law of relativity may also play an 
important part To two men, one educated in the school 
of the senses, who has mainly occupied himself with ob- 
servation, and the other educated in the school of imagi- 
nation as well, and exercised in the conceptions of atoms 
and molecides to which we have so frequently referred, a 
bit of matter, say 50000 ^^ ^^ ^^ ^^^^ ^^ diameter, will 
present itself differently. The one descends to it from his 
molar heights, the other climbs to it from his molecular 
low-lands. To the one it appears small, to the other 
large. So also as regards the appreciation of the most 
'iijute forms of life revealed by the microscope. To one 
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of these men tliey naturally appear conterminous witli the 
ultimate particles of matter, and he readily figures the 
molecules from which tliey directly spring ; with him 
there is but a step from the atom to the organism. The 
other discerns nimiberless organic gradations between 
both. Compared with his atoms, the smallest vibrios and 
bacteria of the microscopic field are as behemoth and 
leviathan. The law of relativity may to some extent ex- 
plain the different attitudes of these two men with regard 
to the question of spontaneous generation. An amount 
of evidence which satisfies the one entirely fails lo satisfy 
the other ; and while to the one the last bold defence and 
startling expansion of the doctrine will appear perfectly 
conclusive, to the other it will present itaelf aa imposing a 
profitless labour of demolition on subsequent iuvestigator.'s.' 
I trust, Mr. President, that you — whom untoward cir- 
cumstances have made a biologist, but who still keep 
slive your sympathy with that class of enquiries which 
nature intended you to pursue and adorn — will excuse 
me to your brethren if I say that some of tliem seem to 
(brm an inadequate estimate of the distance which sepa- 
rates the microscopic from the molecular limit, and that, 
as a consequence, they sometimes employ a phraseology 
which is calculated to mislead. When, for example, the 
contents of a cell are described as perfectly homogeneous, 
as absolutely structureless, because the microscope fails 
to distinguish any structure, then I tliink the microscope 
begins to play a mischievous part. A little consideration 
will make it plain to all of you that the microscope can 
Ijave no voice in the real question of germ stnicture. 

A reaoliUe BcriilinT iif the experinionle, recenlW executed n-jth rHferenca 
I Id tbi* qaeitioD, ie eure tu yield inBtriictiTe resuiu. 
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Disdlled water is more perfectly h(Hn(^[eneoii8 than the 
ooQtents of any poemUe oi^ganic germ. What causes 
the liquid to cease contiactii^ at 39^ Fahr., and to 
expand until it freezes? It is a structural process of 
nhich the microscope can take no note, nor is it likely to 
do so by any conc^vable extension of its powers. Place 
this distilled water in the field of an dectro-magnet, and 
Imng a microscope to bear upcm it Will any change 
be observed when the magnet is excited ? Absolutely 
none; and still profound and complex changes have 
occurred, first of all, the particles of water are r^idered 
diamagnetically polar; and secondly, in virtue of the 
structure impressed upon it by the magnetic strain of its 
molecules, the liquid twists a ray of light in a fashion 
perfectly determinate both as to quantity and direction. 
It would be immensely interesting to both you and me if 
one whom I hoped to see here present,^ who has brought 
his brilliant imagination to bear upon this subject, could 
make us see as he sees the entangled molecular processes 
iuvolved in the rotation of the plane of polarisation by 
magnetic force. While dealing with this question, he 
lived in a world of matter and of motion to which the 
microscope has no passport, and in which it can offer no 
aid. The cases in which similar conditions hold are 
simply numberless. Have the diamond, the amethyst, 
and the countless other crystals formed in the laboratories 
of nature and of man no structure? Assuredly they 
have; but what can the microscope make of it? 
Nothing. It cannot be too distinctly borne in mind that 
between the microscope limit and the true molecular 

> Sir William Thomson. 
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Kmit there is room for infinite perimitatioiia unci combi- 
DaUons. It is in tliia region that tlie poles of t!ie atoms 
are arranged, that tendency is given to their powers, so 
that when these poles and powers have free action and 
proper stirauhis in a suitable environment, they determine 
first the germ and afterwards the complete organism. 
Thb first marshalling of the atoms on which all subse- 
quent action depends baffles a keener [xiwer than that of 
die microscope. Througli pure excess of complexity, 
and long before observation can have any voice in the 
matter, the most highly trained intellect, the most refined 
and disciplined imagination, retires in bewilderment from 
the contemplation of tlie problem. We are struck dumb 
by an astonishment which no microscope can relieve, 
doubting not only the power of our instrument, but even 
whether we ourselves possess the intellectual elements 
which will ever enable us to grapple with the ultimate 
elructural energies of nature. 

But the specidative faculty, of which imagination forma 
8o lai^e a part, will nevertheless wander into regions 
where the hope of certainty would seem to be entirely 
shut out. We think tliat though the detailed analj-sis may 
be, and may for ever remain, beyond us, general notions 
may be attainable. At all events, it is plain that beyond 
the present ontixista of raicro.«copic enquiry lies an 
immense field for the exercise of the speculative power. 
It is only, however, the privileged spirits who know how 
to use their liberty without abusing it, who are able to 
surround imagination by tlie firm frontiers of reason, that 
are likely to work with any profit here. But frceilom to 
them is of such paramount im|X)rtaiice that, for the sake 
of securing it, a good deal of wildness on the part of 
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of Species',' ho plnced at the root of life a primordial 
germ, from which he conceived the amazing richness and 
variety of the life that now is upon the earth's surface 
might be deduced. If this hypothesis were true, it 
would not be final. The human imagination would 
infallibly look behind the germ, and, however hope- 
IfMj the attempt, would enquire into the history of its 
genesis. In thia dim twilight of conjecture the searcher 
welcomes every gleam, and seeks to augment his light 
by indirect incidences. He studies the methods of na- 
ture in the ages and the worlds within his reach, in 
order to shape the course of speculation in the aiitece- 
tlent ages and worlds. And though the certainty pcts- 
sessed by ex])erimeut:il enquiry is here shut out, the 
illumination is not left entirely without guidance. From 
the examination of the solar system, Kant and Laplace 
cnme to the conclu-ion that its various bodie.s once 
formed parts of the same undislocated mass ; that matter 
ia a nebulous form precedetl matter in a dense fonn ; 
that as the ages rolled away, heat was wastetl, con- 
densation followed, planets were detacliai, and that 
filially the chief portion of the fiery cloud reached, by 
Belf-compression, the magnitude and density of our sun. 
The earlli itself oifers evidence of a fiery origin ; and in 
our day the hypothesis of Kant and Liiplace receives the 
independent countenance of spectrum analysis, which 
proves the same substances to be common to tlic earth 
and sun. 

Accepting some such ^iew of the conatruction of our 
system as probable, a desire immediately arises to con- 
nect the present life of our planet with the past. We 
wUh to know somolliing of our remotest ancestry. On 
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tletnchment from the central mass, life, as we 
nd it, could hardly liave been present on the 
How theo did it come there ? The thing to be 
;ed here ia a reverent freedom — a freedom pre- 
f the hard discipline which checks licentiousness 
lution — wliile the thing to be repressed, both in 
and out of it, is dogmatism. And here I am in 
Is of the meeting— willing to end, but ready to 
I have no right to intrude upon you, unasked, 
irmed notions which are floating like clouds, or 
g to more solid consistency in the modem sijecu- 
:ientific mind. But if you wish mo to speak 
honestly, and undisputatiously, I am mlling to 
On the present occasion— 

You nre ordatned to cnll, kod I to come. 

^icws, then, offer themselves to us. Life was pre-' 
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the theory, if they do not like it, not with theologic 
ftihnination, but with honest secular strength. With the 
country clergy I am told the case is different. It is 
riglit that I should say tliis, because the clergy of 
IxiDdon have more than once offered me the chance of 
meeting them in open, honourable discussion. 

Two or three years ago, in an ancient London College, 
I listened to such a discussion at the end of a remariiable 
lecture by a very remarkable man. Three or four hundred 
clergymen were present at the lecture. The orator began 
with the civilisation of Egypt in the time of Joseph ; 
pcantuig out that the very perfect organisation of the 
kingdom, and the possession of chariots, in one of which 
Joseph rode, indicated a long antecedent period of 
Qvilisation. He then passed on to the mud of the Nile, 
ito rate of augmentation, its present thickness, and the 
temains of human handywork found therein ; thence to 
the rocks whicli boimd the Nile valley, and which teem 
with organic remains. Thus in his own clear and 
admirable way he caused the idea of the world's age to 
expand itaelf indefinitely before the mind of his audience, 
and he contra-iited this with the age usually assigned to 
the world. During his discourse he seemed to be swim- 
ming against a stream ; he manifestly tliought that he 
was opposing a general conviction. He expected resist- 
ance ; so did I. But it was all a mistake : there was no 
adverse current, no opposing conviction, no resistance, 
merely here and there a Iialf-humorous, but unsuccessfiil 
attempt to entangle him in his talk. The meeting agreed 
with all that had been said regarding the antiquity of the 
earth and of its life. They had, indeed, known it all 
long ago, and they gnod-humou redly rallied the lefturer 
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ing amongst tliem mth so stale a story. It was 
iiin that this large liody of clergj-men, who were 
1 say, the finest samples of their class, had entirely 
) tiie ancient landmarks, and transported the con- 
of life's origin to an indefinitely distant past. 
iL'ads us to the gist of our present enquirj-, which 
—Does life belong to what wc call matter, or is it 
jiendent principle inserted into matter at some 
epoch — say when the physical conditions became 
to permit of the development of life ? Let iis 
question with all the reverence due to a faith and 
in which we all were cradled — a faith and ciil- 
ireover, which are the imdeniable historic ante- 
of our present enlightenment. I say, let us put 
>tIon reverently, but let us also put it clearly and 
y. There are the strongest grounds for believing 
ring a certain period of its histoiy the eartii was 
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tions necessary to vegetable life ? Having waited through 
those -iEons until the proper conditions had set in, did it 
send the fiat fortli, 'Let Life be!'? These questions 
define a hjiiotliesis not without its difficulties, but the 
d^ty of which was demonstrated by the nobleness of 
the men whom it sustained. 

Modern scientific thought ia called upon to decide 
between this hypotliesis and another: and public thought 
generally will afterwards be called upon to do the same. 
You may, however, rest secure in the belief tliat the 
iypotheais just sketched can never be stormed, and that 
it 18 sure, if it yield at all, to yieid to a prolonged siege. 
To gain new territoiy modern argument requires more 
time than modern arms, though both of them move with 
greater rapidity than of yore. But however the con- 
(ictioDS of individuals here and there may be inlliienced, 
(he process must be slow and secular which com- 
mends the rival hypothesis of Natural Evolution to the 
public mind. For what are the core and essence of this 
hypothesis ? Strip it naked and you stand face to face 
with the notion that not alone the more ignoble forms of 
Mim&lcular or animal life, not alone the nobler forms of 
the horse and lion, not alone the exquisite and wonderful 
mechanism of the human body, but tliat the human mind 
ilaelf — emotion, intellect, will, and all their phenomena — 
KCTe once latent in a fiery cloud. Surely the mere state- 
ment of such a notion is more than a refutation, But 
Ae hypothesis would probably go even further than tliis. 
Uany who hold it would probably assent to the position 
that at the present moment all our philo.so]>hy, all our 
poetry, all our science, and all our art — Plato, Shakspeare, 
Newton, and Eaphael — are potential in the fires of the 
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We long to leam something of our origin. If the 
EtoIuooq hypocheds be ooned, even this unsatisfied 
Teamii^ must have come to us across the ages which 
jtepinte the unconscious primeval mist from the con- 
seiousDess c^ to-day. I do not think that any holder of 
the Evolution hypothesb would say that I overstate it or 
oversCTihi it in any way. I manely strip it of all vague- 
nessw and bring before vou tmdothed and unvarnished 
the nodoi^ bv which it must stand or fiedL 

Surely these notions represent an absurdity too mon- 
scivxis to be entertained by any sane mind. Let us, 
however* give them fair play. Let us steady ourselves 
in m>nt of the hypothe^ and, dianisang all terror and 
exoiiement firx>m our minds, let us look firmly into it 
wi:h the hard sharp eye of intellect alone. Why are 
these notions absurds and why should sanity reject them ? 
The law of Relativity, of wluch we have previously spoken, 
r.,Ay n:;d ::> application here. These Evolution notions 
a:^^ ab>urvl, Rionstrv^us^ and fit only for the intellectual 
g:Mvu in rvlaiion to the ideas concerning matter which 
worv drilled into us when yoimg. Spirit and matter 
h^vo over been presented to us in the rudest contrast, 
tho one as all-noble, the other as all-vile. But is this 
iV^rixvt r Does it represent what our mightiest spiritual 
loAohor would call the Eternal Fact of the Universe? 
V{KM\ the answer to this question all depends. Supposing, 
instead of having the foregoing antithesis of spirit and 
n\attor presentevl to our youthful minds, we had been 
taught lo rv^rd them as equally worthy and equally 
wonderful : to ov^nsider them in fact as two opposite 
6ii\^ of the selfssame mystery. Supposing that in youth 
we had been imprt^iated witli the notion of the poet 
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Goethe, instead of the notion of the poet Youuj^, looking 
at matter, not as brute matter, but as 'the living garment 
cf God ; ' do you not think that under these altered cir- 
cumstances the law of Relativity might have had an out- 
come different from its present one ? Is it not probable 
that our repugnance to the idea of primeval union be- 
tween spirit and matter might be considerably abated ? 
Without this total revolution of the notions now pre- 
valent, the Evolution liypothesis must stand condemned ; 
but in many profoundly thoiightfiil minds such a revolution 
has already taken place. They degrade neither member 
of the mysterious duality referred to; but they exalt one 
of them from its abasement, and repeal the divorce 
huherto existing lietween both. In substance, if not in 
Words, their position as regards the relation of spirit and 
matter is : 'What God bath joined together let not man 
put asunder.' And with regard to the ages of forgetful- 
ness which lie between the unconscious life of the nebula 
and the conscious life of the eartli, it is, they would urge, 
but an extension of that forgetfulness wliich preceded tlie 
birth of us all. 

I have thus led you to the outer rim of speculative 
science, for beyond the uebulic scientific thought has 
never ventm'ed hitherto, and have tried to state that which 
I considered ought, in fairness, to be outspoken. I do not 
think this Evolution hypothesis is to, be flouted away con- 
temptuously; I do not think it is to be denounced aa 
wicked. It is to be brought before the bar of disciphned 
I reason, and there justified or condemned. Let us hearken 
to those who wisely support it, and to those who wisely 
oppose it ; and let us tolerate those, and they are many, 
who foohshly try to do either of these things. The only 
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thing out of place in the discussion is dogmatism on either 
aide. Fear not tlie Evolution hypothesis. Steady your- 
selves in its presence upon that faith in the ultimate 
triumph of truth v?hic)i was expressed by old Gamaliel 
when he said : ' If it be of God, ye cannot overthrow it ; 
if it be of man, it will come to nought." Under the fierce 
light of scientific enquiry, this hypothesis is sure to be 
dissipated if it possess not a core of truth. Trust me, its 
existence as a hypothesis m the mind is quite compatible 
with the simultaneous exL'itence of all those virtues to 
which the term Christian, has been applied. It does not 
solve — it does not profess to solve — the ultimate mystery 
of this universe. It leaves in fact that mystery untouched. 
For granting the nebula and its potential life, the question, 
whence came they? would still remain to baffle and 
bewilder us. At bottom, the hypothesis does nothing 
more than ' transport the conception of life's origin to an 
indefinitely distant past,' 

Those who hold the doctrine of Evolution are by no 
means ignorant of the uucertainty of their data, and tliey 
yield no more to it than a provisional assent. Tbey regard 
the nebular hypothesis as probable, and in tlie utter absence 
of any evidence to prove the act illegal, they extend tlie 
method of nature from the present into the past. Here the 
observed uniformity of nature is their only guide. Within 
the long range of physical enquiry, tliey liave never dis- 
cerned in nature the insertion of caprice. Througliout tliis 
range the laws of physical and intellectual continuity 
have run side by side. Having thus determined tlie 
elements of their cuive in a world of observation and 
experiment, they prolong that curve into an antecedent 
world, and accept as probable the imbrokcn sequence of 
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development from the nebula to the present time. You 
never hear the really philosophical defenders of the doc- 
trine of Uniformity speaking of impossibilities in nature. 
They never say, what they are constantly charged with 
saying, that it is impossible for the Builder of the universe 
to alter His work. Their business is not with the possible, 
but the actual — not with a world which might be, but with 
a world that is. This they explore wit!) a courage not 
unmixed with reverence, and according to methods which, 
like the quality of a tree, are tested by their fruits. They 
have but one desire — to know the truth. They have but 
one fear — to believe a lie. And if they know the strength 
of science, and rely upon it with unswerving trust, they 
also know the limits beyond which science ceases to be 
strong. They best know that questions offer themselves 
to thought which science, as now prosecuted, has not even 
die tendency to solve. They keep such questions open, 
and will not tolerate any unnecessary limitation of the 
horizon of their souls. They have as little fellowship with 
the atheist who says there is no God, as with the theist 
who professes to know the mind of God. ' Two things,' 
said Immanuel Kant, ' fill me vrith awe: the starry heavens 
and the sense of moral responsibility in man.' And in his 
hours of health and strength and sanity, when the stroke 
of action has ceased and the pause of reflection has set in, 
the sdentific investigator finds himself overshadowed by 
the same awe. Breaking contact with the hampering 
details of earth, it associates him with a power which 
gives fulness and tone to hb existence, but which he can 
neither analyse nor comi)reIiend. 



A TRANSLATION 

OF 

GOETHE'S PROBMIUM TO OOTT UND WELT, 



To Him who from eternity, self-stirredy 
Himself hath made by Iffis creative word ! 
To Him^ Supreme, who causeth faith to be, 
Trust, hope, love, power, and endless energy ! 
To Him, who, seek to name Him as we will, 
UNKNOWN within Himself abideth still 1 

Strain ear and eye, till sight and sense be dim ; 

Thou'lt find but faint similitudes of Him : 

Yea, and thy spirit in her flight of flame 

Still strives to gauge the symbol and the name : 

Charmed and compelled thou climb'st from height to height, 

And round thy path the world shines wondrous bright ; 

Time, gpace, and size, and distance cease to be, 

And every step is fresh infinity. 

What were the God who sat outside to scan 
The spheres that 'neath His finger circling ran ? 
God dwells within, and moves the world and moulds, 
Himself and Nature in one form enfolds : 
Thus all that lives in Him, and breathes, and is, 
Shall ne'er His puissance, ne'er His spirit miss. 

The soul of man, too, is an universe ; 

Whence follows it that race with race concurs 

In framing all it knows of good and true 

(iod? — yea, its own God; and, with homage due, 

Surrendei-a to Ilia sway both earth and heaven ; 

Fears Him, and loves, where place for love is given. 



J. A. S. 



Spcdator, September 24, 1870. 
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' Forsitan et rosea Sol site lampade Incens, 
Poesideat multum caedfl fervoribus ignem 
Circum ae, qui sit fulgore notatua, 
^Estifer ut tantum radionim ezaugeat ictum.' 

lAHicniiM^ Y. 610. 

' Perhaps too the sun as he shines aloft with rosy lamp has round about 
him much fire with heats that are not yi^ble, and thus the fire may be 
marked by no radiance, so that Anught with heat it increases to such a 
degree the stroke of the rays.' — Monroes TransUUien, 

My attention was drawn to this remarkable passage by the late excellent 
and accomplished Sir Edmund Head, Bart 



vm. 
hadiatwn. 

1. Vmble and Invisible Radiation. 

BerwEBN the mind of man and the outer world are iii- 
Uiqtosed the nerves of the human body, which translate, 
or enable the mind to translate, the impressions of that 
world into facts of consciousness and thought. 

Diflercnt nerves are suited to the perception of different 
impressions. We do not see with the ear, nor bear with 
the eye, nor are we rendered sensible of sound by the 
nerves of the tongue. Out of the general assemblage of 
physical actious, each nerve, or group of nerves, selects 
and responds to those for the perception of which it is 
specially organised. 

The optic nerve passes from the brain to the back of 
the eyeball and there spreads out, to form the retina, a 
web of nerve filaments, ou which the images of external 
objects are projected by the optical portion of the eye. 
This nerve is limited to the apprehension of the phe- 
nomena of radiation, and notwithstanding its marvellous 
sensibility to certain impressione of this class, it is singu- 
larly obtuse to other impressions. 

Nor does the optic nerve embrace the entire range 
even of radiation. Some rays, when they reach it, are 
incompetent to evoke its power, wliile others never reach 
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1. being absorbed by the humours of the eye. To 
which, whether they reach the retina or not, fail 
k- vision, we give the name of invisible or obscure 
All non-Iiuninous bodies emit such rays. There 
ody in nature absolutely cold, and every body not 
oly cold emits nxs of heat. But to render radiant 
to aflcct the opdc nerve a certain temperature is 
rr. A cool poker thrust into a fire remains dark 
-=98. Ins vixB ite temperature has become equal 

1'^"^. W a C1M* of electricity of gradually in- 
i ittnigdi be seal tkrongli a wire of the refractory 
.^seiMHB, Ae WTO fizst becomes sensibly warm to 
..•a; fcr a time its heax augments, still however 
:.g obscure ; at length we can no longer touch 
i\ with impunity ; and at a certain definite tem- 
e it emits a feeble red light. As the current 
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tmission. Augmenting the temperature still furtlier, 
fellow rays appear beside tlie orange, after the yellow 
green rays are emitted, and after the green corae, in 
succeaaioii, blue, indigo and violet rays. To display all 
these colours at the same time the platinum wire must 
be white-hot: the impression of whiteness being in fact 
produced by the simultaneous actien of all these colours 
on the optic nerve. 

In the experiment just described we began with a 
platinum wire at an ordinary temperature, and gradually 
raised it to a white heat. At the beginning, and even 
before the electric current had acted at all upon the wire, 
it emitted invisible rays. For some time after the action 
of the current had commenced, and even for a time after 
the wire had become intolerable to the touch, its ratlia- 
tiou was still invisible. The question now arises, — what 
becomes of tliese invisible rays wlicn the visible ones 
make their appearance ? It will be proved in tlie seqnel 
that they maintain themselves in the radiation; that a 
ray once emitted continues to be emitted when the 
temperature is Increased, and hence the emission from 
our platinum wire, even when it has attained its maxi- 
miuD brilliancy, consists of a mixture of visible and 
invisible rays. If, instead of the platinum wire, the 
earth itself were raised to incandescence, the obscure 
radiation which it now emits would continue to be 
emitted. To reach incandescence the planet would have 
to pass through all the stages of non-luminous radiation, 
and the final emission would embrace the rays of all 
these stages. There can hardly be a doubt that from 
the sun itself, rays proceed similar in kind to tliose which 
the dark earth pours nightly into space. In fact, the 
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s various kinds of obscure rays emitted by all the planet9 
of our system are included in the present radiation of the 
sun. 

The great pioneer in this domain of science was Sir 
William HerscheL Causing a beam of solar light to pass 
through a prism he resolved it mto its coloured con- 
stituents ; he formed what is technically called the solar 
spectrum. Exposing thermometers to- the successive 
colours he determined their heating power, and found it 
to augment from the violet or most refracted end, to the 
red or least refracted end of the spectrum. But he did 
not stop here. Pushing his thermometers into the dark 
space beyond the red he found that, though the light 
had disappeared, the radiant heat falling on the instru- 
ments was more intense than that at any visible part of 
the spectrum. In fact, Sir William Herschel showed, 
and his results have been verified by various philosophers 
since his time, that besides its luminous rays, the sun 
pours forth a multitude of other rays more powerfully 
calorific than the luminous ones, but entirely imsuited 
to the purposes of vision. 

At the less refrangible end of the solar spectrum, tlien, 
the range of the sun's radiation is not limited by that of 
the eye. The same statement applies to the more re- 
frangible end. Eitter discovered the extension of the 
spectrum into the invisible region beyond the violet; 
and, in recent times, this ultra-violet emission has had 
peculiar interest conferred upon it by the admirable re- 
searches of Professor Stokes. The complete spectrum of 
the sun consists, therefore, of three distinct parts : — first, 
of ultra-red rays of high heating power, but unsuited to 
the purposes of vision ; secondly, of luminous rays which 
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display tlie successioii of colours, red, orange, yellow, 
green, blue, indigo, violet ; thirdly, of ultra-violet rays 
which, like the ultra-red ones, are incompetent to excite 
vision, but whicli, unlike the ultra-red rays, possess a very 
feeble heating power. In consequence, however, of their 
chemical energy these ultra-violet rays are of the utmost 
impoitance to the organic world. 

2. Origin and Character of Radiation. The yEther. 

When we see a platinum wire raised gradually to a 
white heat, and emitting in succession all the colours of the 
spectrum, we are simply conscious of a series of changes 
ill the condition of our own eyes. We do not see the 
actions in whicli these successive colours originate, but tlie 
wind irresistibly infers tliat the appearance of the colours 
corresponds to certain contemporaneous clianges in the 
wire. What is the nature of these changes ? In virtue 
of what condition does the wire radiate at all ? We must 
now look from the wire as a whole to its constituent atoms. 
Could we see those atoms, even before the electric current 
has begun to act upon them, we should find thera in a 
state of vibration. In this vibration, indeed, consists such 
warmth as the wire then possesses. Locke enunciated this 
idea with great precision, and it seems placed beyond the 
pale of doubt by the excellent quantitative researches of 
Mr. Joule. ' Heat,' says Locke, ' is a very brisk agitation 
of the insensible parts of the object, which produce in na 
that sensation from which we denominate the object hot: 
BO what in our sensation is heat in the object is nothing 
but motion.' When the electric current, still feeble, begins 
to pa^ tlu'ough the wire, its first act is to intensify the 
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vibrations already existing, by cauiang the atoms to swing 
through wider ranges. Technically speaking, the ampli- 
tudes of the oscillations are increased. The current does 
this, however, without altering the periods of the old 
vibrations, or the times in which they were executed. But 
besides intensifying the old vibrations the current gene- 
rates new and more rapid ones, and when a certain de- 
finite rapidity has been attained the wire b^ins to glow. 
The colour first exhibited is red, which corresponds to the 
lowest rate of vibration of which the eye is able to take 
cognisance. By augmenting the strength of the electric 
current more rapid vibrations are introduced, and orange 
rays appear. A quicker rate of vibration produces yellow, 
a still quicker green ; and by further augmenting the 
rapidity, we pass through blue, indigo, and violet, to the 
extreme ultra-violet rays. 

Such are the changes which science recognises in the 
wire itcsolf, as concurrent with the visual changes taking 
place ill tlie eye. But what connects the wire with this 
organ ? By what means does it send such intelligence of 
its varying condition to the optic neive ? Heat being, as 
defined by Locke, ' a very brisk agitation of the insen- 
sible parts of an object/ it is readily conceivable that on 
touching a heated body the agitation may communicate 
itself to the adjacent ner\'es, and announce itself to them 
as light or heat. But the optic nerve does not touch the 
hot platinum, and hence the pertinence of the question. 
By w^hat agency are the vibrations of the wire transmitted 
to the eye ? 

The answer to this question involves perhaps the most 
important physical conception that the mind of man has 
yet achieved : the conception of a medium filling space 
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and fittcj mechunically for the transmission of the vibra- 
tions of light and licat, as air is fitted for the traDsmissiotl 
of souod. This medium is called the lumimferous cether. 
Every vibration of every atom of our platinum wire raises 
in this eelher a wave, which speeds through it at the rate 
of 186,000 miles a second. The asther suffers no rupture 
of continuity at the surface of the eye, the inter-molecular 
spaces of the various humours are filled with it ; hence 
the waves generated by the glowing platinum can cross 
these humoure and impinge on tlie optic nerve at the 
buck of the eye. Thus tlie sensation of light reduces itself 
to the communication of motion. Up to this point we 
deal with pure mechanic-j ; but the subsequent translation 
of the shock of the ajthereal waves into consciousness 
eludes the analysis of science. As an oar dipping into 
the Cam generates systems of waves, which, speeding from 
the centre of disturbance, finally stir tlie sedges on the 
river's bank, so do the vibrating atoms generate in the 
surrounding aither undulations, which finally stir the fila- 
ments of the retina. The motion thus imparted is trans- 
mitted with measurable, and not very great velocity to 
the brain, where, by a process which science does not 
even tend to unravel, the tremor of the nervous matter is 
converted into the conscious impression of light. 

Darkness might then be defined as tether at rest; light 
as lether in motion. But in reality the eether is never at 
rest, for in the absence of light-waves we have heat-waves 
always speeding through it. lu the .spaces of the universe 
both classes of undulations incessantly commingle. Here 
the waves issuing from uncounted centres cross, coincide, 
o[>pose, and pass through each other, without confueiou 



/ 



178 FRAGMENTS OF SCIENCE. 

or ultimate extinction. The waves from the zenith do not 
jostle out of existence those from the horizon, and every 
star is seen across the entanglement of wave motions 
produced by all other stars. It is the ceaseless thrill 
which those distant orbs collectively create in the sether, 
which constitutes what we call the temperature of space. 
As the air of a room accommodates itself to the require- 
ments of an orchestra, transmitting each vibration of every 
pipe and string, so does the inter-stellar cetAier accommo- 
date itself to the requirements of light and heat. Its 
waves mingle in space without disorder^ each being 
endowed with an individuality as indestructible as if it 
alone had disturbed the universal repose. 

All vagueness with regard to the use of the terms 
radiation and absorption will now disappear. Badiation 
is the communication of vibratory motion, to the aether, 
and when a body is said to be chilled by radiation, as for 
example the grass of a meadow on a starlight night, the 
meaning is, that the molecules of the grass have lost a 
portion of their motion, by imparting it to the medium 
in which they vibrate. On the other hand, the waves of 
aether once generated may so strike against the molecules 
of a body exposed to their action as to yield up their 
motion to the latter ; and in this transfer of the motion 
from the aether to the molecules consists the absorption of 
radiant heat. All the phenomena of heat are in tliis way 
reducible to interchanges of motion ; and it is purely as 
the recipients or the donors of this motion, that we our- 
selves become conscious of the action of heat and cold. 



3. TJie Atinnic. Theoiy in reference to the ^iher. 

The word ' atoms ' lias been more tlian once employed 
in this discourse. Chemists have taught us that all matter 
is reducible to certain elementary forms to which they 
give this name. Tiiese atoms are endowed with powers 
of mutual attraction, and under suitable circurastaucea 
(hey coalesce to form compounds. Thus oxygen and 
hydrogen are elements when separate, or merely niiced, 
but they may be made to conihine so as to form molecules, 
each consisting of two atoms of hydrogen and one of 
oxygen. In this condition they constitute water. So 
slso chlorine and sodium are elements, the former a 
jiungent gas, the latter a soft metal ; and they unite 
Vigether to foi'ni chloride of sodium or common salt. In 
ibe Bftme way the element nitrogen combines with hy- 
At)g(Hi, in the proportion of one atom of the former to 
three of the latter, to form ammonia, or spirit of harts- 
hom. Pictiu-ing iu imagination the atoms of elementary 
bodies as little spheres, the molecules of compound bodies 
iQilst be pictured as groups of such spheres. This is the 
stomic theory asDalton conceived it. Now if this theory 
we any foimdation in fact, and if the theory of an sdUut 
pwvading space, and constituting the vehicle of atomic 
motion be founded in fact, we may assuredly expect the 
vibratioos of elementary bodies to be profoundly modified 
by the act of combination. It is on the face of it almost 
certain that both as regards radiation and absorption, 
that is to eay, Uith as regards the communication of 
BWtion to the jether and the acceptance of motion from 
It, the deportment of the uncombined mil be different 
from that of the combined atoms. 
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w^ hare to pictui^ a succession of waves issuing from a 
radiant source and passing through a gas ; some of them 
strikii^ against the gaseous molecules and yielding up 
their motion to the latter ; others gliding round the mole- 
cules^ or pasdng through the inter-molecular spaces 
without apparent hindrance, llie problem before us is 
to determine whether such free molecules have any power 
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•rhatever to stop the waves of heat, and if so, wJiuther 
differeut molecules possess this power io different degrees. 
The source of waves which I shall choose for these 
^peiiments is a plate of copper, against the back of 
jvhich a steady sheet of flame is permitted to play. Oa 
emerging from the copper, the waves, in the first instance, 
{OSS through a space devoid of air, ami then enter a 
follow glass cylinder, three feet long and three inches 
wide. The two ends of this cylinder are stopped by two 
jllatee of rocksalt, this being tlie only solid substance 
.Irhich offers a scarcely sensible obstacle to the passage of 
the calorific waves. After passing through the tube; the 
ndiaut heat falls upon the anteriM' face of a thermo- 
iectric pile,' which instantly appfies the beat to th& 
[eneration of an electric current. This current conducted 
Dund a magnetic needle deflects it, and the magnitude 
i the deflection is a measure of the heat falling upoi* 
[le pile. This famous instrument, and not an ordinary 
bermometer, is what we shall use in these enquiries, but 
re shall use it in a somewhat novel way. As long as 
lie two opposite faces of the thermo-electric pile are 
»pt at the same temperature, no matter how high that 
nay be, there is no current generated. The current is a 
Kaisequence of a dijftirence of temperature between the 
iwo opposite faces of the pile. Hence, if after the an- 
terior face has received the heat from our radiating 
fource, a second source, which wo may call the com- 
pKisating source, be permitted to radiate against the 
posterior face, this latter radiation will tend to neutra- 
fise the former. Wliea the neutralisation is perfect, the 

' In the Appendix to tbe first ctiApt^r of ' Heat as a Mode oF Motion,' 
ttt Duuttnclion of the theruio-ulectric pilu is fuU^ cxpUiued. 
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: ueedie connected with the pile ia do longer 
, but points to the zero of the graduated circle 
cli it hangs, 
low l(?t us suppose the glass tube, through which 

waves from the heated plate of copper, to be 
d by au air-puiop, the two sources of heat acting 

me time on the two opposite faces of the pile, 
' equal quantities of lieat being imparted to the 
M, the needle points to zero. Let any gaa be 
rniitted to enter the exhausted tube ; if the 
;3 possess any power of intercepting the calorific 
he equilibrium previously existing will be de- 

the compensating source ivill triumph, and a 

a of the magnetic needle will be the immediate 

■nee. From the deflections thus produced by 

gases, we can readily deduce the relative 

of wave motion which their molecules intercej)!. 
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lielAtivc 
Kbeurplion. 

1 

oxide 750 

Garbonic acid 972 

Hydrochloric acid 1,005 

Nitric oxide 1,590 

NitrouB oxide 1,860 

Sulphide of hydrogen 2,100 

Ammoniu ....... 5,460 

OleSantgoa G.OSU 

Sulphurous acid 6,480 

Every gas id tliis table is perfectly transparent to ligiit, 
thiit is to say, all waves wltliin the limits of the visible 
Bpectrura pass* through it without obstniction ; but for 
the waves of slower period, emanating from our heated 
pUte of copper, enormous differences of absorptive power 
are manifested. These differeucea illustrate in the most 
anexpectcd manner the influence of chemical combina- 
tion. Thus the elementary gases, oxygen, hydrogen and 
nitrogen, and the mixture atmospheric air, prove to be 
practical vacua to the rays of heat ; for every ray, or 
Wore strictly speaking, for every unit of wave motion, 
which any one of them is competent to intercept, per- 
fectly transparent ammonia intercepts 5,460 units, oleliant 
gas 6,030 units, while sulphurous acid gas absorbs 6,480 
Units. What becomes of the wave motion thus inter- 
Mpted? It is applied to the heating of the absorbing 
gas. Through air, oxygen, hydrogen, and nitrogen, on 
'he contrary, the waves of lether pass without absoi-i>tion, 
and these gases are not sensibly changed in temperature 
hy the most powerful calorific rays. The position of 
nitrous oxide in the foregoing table is wortliy of par- 
ticular notice. In this gas we have the same atoms in a 
state of chemical union, that exist uncombined in the 
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Btre ; but the absoqjtion of the compound is 1800 
lat of nir. 



5. Formation of Invisible Fod. 

Bextraorthnarj' dt-'portraent of the elementary gases 
ly- directed attention to elementary bodies in 
I state of n^regation. Some of Melloni's results 
:ained a new significance ; for this celebrated 
lenter had found crystals of the element sulphur 
Ighly pervious to radiant heat ; he had also proved 
Bnp-black and black glass (which owes its black- 
The element carbon) were to considerable extent 
i-^nt to calorific rays of low refrangibility. These 
lirmonising so strikingly with the deportment of 
Iple gases, suggested further enquiry. Sulphur 
1 in bisulphide of carbon was found almost per- 
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By prismatic analysis Sir William Herscliel separated 
llie luminous from tlie non-luminous rays of the sun, and 
he also sought to render the obscure rays visible by con- 
centration. Intercepting the lumiuous portion oT hia 
spectrum he brought, by a converging lens, tiie ultra-red 
nys to a focus, but by this condensation he obtained no 
light, The solution of iodine offers a means of filtering 
tiie solar beam, or failing it, the beam of the electric lamp, 
which renders attainable far more powerful foci of in- 
visible rays than could possibly be obtained by the 
method of Sir William HerscheL For to form his spec- 
Inim he was obliged to operate upon solar light which 
had passed through a narrow slit or through a small 
aperture, the amount of the obscure heat being limited 
by this circumstance. But with our opaque solution 
We may employ the entire surface of the largest lens, 
*nd having thus converged the rays, luminous aud nou- 
'uminous, we can intercept the former by the iodine, 
and do what we please with the latter. Experiments of 
tbb character, not only with the iodine solution but also 
With black glass and layers of lamp-black, were publicly 
performed at the Eoyal Institution in the early part of 
1862, and the effects at the foci of invisibly rays then ob- 
tained were such as had never been witnessed previously. 
In the experiments here referred to, glass lenses were 
employed to concentrate the rays. But glass, though 
liighly transparent to the luminous, is in a high degree 
opaque to the invisible heat-rays of the electric lamp, and 
hence a large portion of those rays was intercepted by the 
glass. The obvious remedy here is to employ rocksalt 
instead of glass ones, or to abandon the use of 
kuaes wholly, and to concentrate the rays by a racUtlUc 
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Both of these improvemeuts have been inlro- 
iid, as anticipated, the invisible foci have been 
rendered more intense. The mode of operating 

however the same, in principle, as tliat made 
a 1862. It was then found that an instant's ex- 
f the face of llie thermo-electric pile to the fociia 
ble rays, dashed the needles of a coarse galva- 

violently aside. It is now found that on substi- 
>r the face of the thermo-electric pile a corn- 
body, the invisible rays are competent to set that 

fire. 

in/'lf and Invisible Hays of the Electric Light. 

ave next to esamine what proportion tlie non- 
j rays of tlie electric light bear to the lumiuous 
lis the opaque solution of iodine enables us to do 
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. ' &qx>ding bid thermometers to the successiye colours of 
the solar spectrum, Sir William Herschel determined the 
heating power of eiach, and also that of the r^on beyond 
the extreme red Then drawing a straight line to repre- 
sent the length of the spectrum, his erected, at variousi 
points, perpendiculars to represent the calorific intensity 
existing at those points. Uniting the ends of all his per- 
pendiculars, he obtained a curve which showed at a 
glance the manner in which the heat was distributed in 
the solar spectrum. Professor Mttller of Freiburg, with 
improved instruments, afterwards made similar experi- 
ments, and constructed a more accurate diagram of the 
same kind. We have now to examine the distribution of 
heat in the spectrum of the electric light; and for this 
purpose we shall employ a particular form of the thermo- 
electric pile, devised by Melloni. Its face is a rectangle, 
which by means of naovable side-pieces can be rendered 
as narrow as desired. We can, for example, have the 
face of the pile the tenth, the hundredth, or even the 
thousandth of an inch in breadth. By means of an end- 
less screw, this linear thermo-electric pile may be moved 
through the entire spectrum, from the violet to the red, 
the amount of heat falling upon the pile at every point 
of its march, being declared by a magnetic needle asso- 
ciated with the pile. 

When this instrument is brought up to the violet end 
of the spectrum of the electric light, the heat is found to 
be insensible. As the pile gradually moves jfrom the 
violet end towards the red, heat soon manifests itself, 
augmenting as we approach the red. Of all the coloiu^ 
of the visible spectrum the red possesses the highest 
heating power. On pushing the pile into the dark region 
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beyond the red, the heat, instead of vanblung, rises sud* 
denly and enormously in intensity, until at some distance 
beyond the red it attains a maximum. Moving the pile 
still forward, the thermal power &Us, somewhat more 
rapidly than it rose. It then gradually shades away, 
but for a distance beyond the red greater than the length 
of the whole visible spectrum, signs of heat may be de* 
tected. Drawing a datum line, and erecting along it 
perpendiculars, proportional in length to the thermal 
intensity at the respective points, we obtain the extra* 
ordinary curve, shown on the adjacent page, which ex- 
hibits the distribution of heat in the spectrum of the 
electric light. In the region of dark rays, beyond the 
red, the cunre shoots up to B, in a steep and massive 
peak — a kind of Matterhom of heat, which dwarfe the 
portion of the diagram c d b, representk^ the luminous 
radiation. Indeed, the idea forced upon the mind by 
this diagram is that the light rays are a mere insigni- 
ficant appendage to the heat rays represented by the 
area A B c D, thrown in as it were by nature for the pur- 
poses of vision. 

The diagram drawn by Professor Miiller to represent 
the distribution of heat in the solar spectrum is not by 
any means so stiiking as that just described, and the 
reason, doubtless, is that prior to reaching the earth the 
solar rays have to traverse our atmosphere. By the 
aqueous vapour there diffused, the summit of the peak 
representing tlie sun's invisible radiation is cut off. A 
similar lowering of the mountain of invisible he^t is ob- 
served when the rays from the electric light are permitted 
to pass through a film of water, which acts upon them as 
the atmospheric vapour acts upon the rays of the sun. 
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7. Combustion by Invisible Rays. 

The sun's invisible rays far transcend the visible ones 
in heating power, so that if the allied performances of 
Archimedes during the si^e of Syracuse had any founda- 
tion in fact, the dark solar rap would have been the phi- 
losopher's chief agents of cx)mbustion. On a small scale 
we can readily produce with the purely invisible rays of 
the electric light all that Archimedes is said to have per- 
formed with the sun's total radiation. Placing behind 
the electric light a small concave mirror, the rays are 
converged, the cone of reflected rays and their point of 
convergence being rendered clearly visible by the dust 
always floating in the air. Placing, between the lu- 
minous focus and the source of rays, our solution of 
iodine, the light c^ the cone is entirely cut away, but the 
intolerable heat experiaiced when the hand* is placed, 
even for a moment, at the dark focus, shows that the 
calorific rays pass imimpeded through the opaque solution. 
Almost anything that ordinary fire can effect may be 
accomplished at the focus of invisible rays ; the air at the 
focus remaining at the same time perfectly cold, on ac- 
count of its transparency to the heat-rays. An air ther- 
mometer, witli a hollow rocksalt bulb, would be unaffected 
by the heat of the focus : there would be no expansion, 
and in the open air there is no convection. The cether at 
the focus, and not the air, is the substance in which the 
heat is embodied. A block of wood, placed at the focus, 
absorbs the heat, and dense volumes of smoke rise swiftly 
upwaixls, showing the manner in which the air itself 
would rise, if the invisible rays were competent to heat 
it. At the perfectly dark forms dry papov is instantly 
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ihHamett : cliips of wood are epeedily burnt up : lead, tin, 
»nd zinc are fused : and diaca of charred paper are raised 
to vivid incandescence. It miglit be supposed that the 
oWiire rays would show no preference for black over 
white ; but tliey do show a preference, and to obtain 
rapd combustion, the body, if not already black, ought 
lobe blackened. When metals are to be burned, it is 

Ery to blacken or otherwise tarnish them, so as to 
ii their reflective power. Blackened zinc foil, 
rought into the focus of invisible rays, is instantly 
to blaze, and bums with its jx^culiar purple flame, 
ium ^vire flattened, or tarnished magnesium ribbon, 
also bursts into splendid combustion. Pieces of chaitoal 
suspended in a receiver full of oxygen are also set on 
fire; the dark rays after having passed through tlie re- 
ceiver still possessing sufficient power to ignite the char- 
coal, and thus initiate the attack of the oxygen. If, 
instead of being plunged in oxygen, tlie charcoal be sus- 
pended in vacuo, it immediately glows at the place where 
the focus falls. 

8. Trammuiation of Rayf::^ Calorescenee. 

Ilmincnt experimenters were long occupied in demon- 
stwing the substantial identity of light and radiant lieat, 
"lid we have now the means of offering a new and 
striking proof of this identity. A concave mirror pro- 
duces beyond the object which it reflects an inverted 
*nd magnified image of the object; withdrawing, for ex- 
Mnple, our iodine solution, an intensely luminous inverted 

' Ilnwrow this tt^rm from I'l^fesunr Cbnliip, ' I'hilnsnphicnl Slftgnzine,' 
WL)Ji.p. 5«l. 
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■nee of ibe ctrbon pcxnts of the decfric light is formed 
m the foctK of the minor enqilojed ia the forgoing exr 
perimeDtaL When the acJntioa is interposed, and the 
Sght b cut away, what becomes of this image? It cfo- 
appears finom agfat, but an inviaihle thermograph remains, 
and it is only the peculiar constitntion of our eyes that 
dbqpalifies us from seeing the picture formed by the 
akmfic rays^ Faffing on white paper, the image chars 
itsieif out : CaUiii^ on bhck paper, two holes are pierced 
in it, corresponding to the images of the two coal points : 
but fiJIii^ on a tlun |date of caibon in vacuo, or upon a 
thin sheet of jdadniaed platinum, either in vacuo or in 
air, radiant heat b converted into li^t, and the image 
stamps itsdf in vivid incandescence upcm both the carbon 
and the metaL Results »milar to those obtained with 
the dectiic light have also been obtained with the in- 
visible lays of the lime-light and of the sun* 

Belore a Cambridge audience it is hardly necessary to 

refer lo the excellent researches of Professor Stokes at 

the opposite end of the spectrum. The above results 

i\>n<iiuuo a kind of complement to his discovejries. Pro- 

tV5;?or Stokes named the phenomena which he has dis- 

cvworvd and investigated Fluorescence; for the new 

phenomena here desciihed I have proposed the term 

Calorescence. He, by the interposition of a proper 

mevlium. so lowered the refrangibility of the ultra-violet 

rap of the spectrum iis to render them visible ; and here, 

by the interposition of the platinum foil, the refrangibility 

of the ultra-reil rap is so exalted as to render them 

visible. liooking through a prism at the incandescent 

imaixe of the carbon jx>ints, the light of the image is 

ilecomposecL and a complete spectrum obtained. The 
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invisible rap of the electric light, remoulded by the atoms 
ot the platinum, shine thus visibly forth ; ultra-red rays 
"being converted into red, orange, yellow, green, blue, 
indigo, and ultra-violet ones. Could we, moreover, raise 
the original source of rays to a sufBciently high tempera- 
ture, we might not only obtain from the dark rays of 
J^a source a single incandescent image, but from the 
^^■paya of this image we might obtain a second one, 
^^VQic dark rays of the second a third, and so on — a 
wtea of complete images and spectra being thus extracted 
from the invisible emission of the primitive soiu-ce.^ 

9. Deadness of die Optic Nen^e to the Calorijic Rays. 

The layer of iodine used in the foregoing experiments 
intCTcepted the light of the noonday sun. No trace of 
Eght from the electric lamp was visible in the darkest room. 
Wen when a white screen was placed at the focus of the 

' Qp investigating the cnlorpBCence produced by raya transmitted througli 
tUttu of various colours, it was found thnt in the case of cerldin Bpectmena 
rfNfle Sloss. tbe platinum foil flowed with a pink or purpliah light The 
Aetna not aubjectiTe, and consideration e of obviouB interest are sug- 
|Htod by it Different kinds of black glasi differ aotablj as to their power 
(ftnnmnitting rudiant heat In thin plates some deecriplions tint the sun 
■ift 1 greenish hue: others make it appear a glowing red without any 
Bm of green. The latter are far more diathermic than the former. la 
lMl^ctrbi>n when perfectly difeoWed, and incorpDiated with a good white 
|dui,is highly tnuisparent to the calorilic rays, and by employing it as on 
(Wbent, tbe phenomena of 'calorescence ' may be obtained, though in a 
Iw Mriking form than with the iodine. The black glnsa choRen for 
fttiuDiueterB, and intended to absorb completely the solar heat, niay en- 
•Wy Gtil in this object, if the gliiss in wbic b the carbon is incorporated be 
«oloarie«. To render the bulb of a thermometer a perfect absorbent, the 
^Uioaght in tbe lirst instance to be green. Soon after the disoovery of 
liiMMWDce the late Dr. William Allen Miller pointed to the lime-light as 
»» iUttrtwtjon of exalted refrangibility. Direct pjiperiments hare since 
Mtifely confirmed the view expresacd at page 2!0 of his work on ' Che- 
■nltoj? piibUshcd in 1853. 
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mployed to coucentrate the liglit. It was thought, 
■, that if the retina itself were brought iuto the 
■3 sensation of light might be experienced. The 
>f this experiment was twofold. If the dark rays 
>orbed in a high degree by the humours of the 
albumen of the humours might coagulate along 
of the rays. If, on the contrary, no such high 
on took place, the rays might reach the retina 
force sufficient to destroy it. To test the likeli- 
' these results, experiments were made on water 
1 solution of alum, and they showed it to be very 
,blo that in the brief time requisite for an experi- 
y serious damage could be done. The <^e was 
caused to approach the dark focus, no defence, 
rst instance, being provided ; but the heat, actmg 
e parts surrounding the pupil, could not be borne. 
ture was therefore pierced in a plate of metal, 
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absorbed by the humoura. Experiments on the eye of 
An ox showed that the proportion of obscure raya whicli 
leached the retina amounted to 18 per cent, of the total 
xadiation ; while the himinous emission from the electric 
light amounts to no moie than 10 per cent, of the same 
toial. Were the purely himinous rays of the electric 
lamp converged by our mirror to a focus, there can be no 
doubt as to the fate of a retina placed there. Its ruin 
"would be inevitable ; and yet this would be accomphshed 
liy an amount of wave motion but little more than half 
of that which the retina bears, without exciting con- 
adousness, at the focus of invisible rays. 

This subject will repay a moment's further attention. 
Mi. a common distance of a foot the visible radiation of 
the electric light is 800 times the light of a candle. At 
the same distance, the portion of the radiation of the 
electric light which reaches the retina but fails to excite 
vision, is about 1500 times the luminous radiation of the 
candle.^ But a candle on a clear night can readily be 
seen at a distance of a mile, its light at this distance being 
less than one 20,000,000th of its light at the distance of 
sfoot. Hence, to make the candle-light a mile off equal 
in power to the non-luminous radiation received from the 
electric light at a foot distance, its intensity would have to 
be multiplied by 1500 x 20,000,000, or by thirty thousand 
millions. Thus the thirty thousand millionth part of the 
liivisible radiation from the electric light, receiveil by 
iJie retina at the distance of a foot, would, if shghtly 
changed in character, be amply sufficient to provoke 

' It will be bonie in mlad tbnt the lieat whicli ftnj rnj, Inminoiu or non- 
■"Oiflniu, ID competent U> genprste is the Irue menaure nf the energy of the 
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Notliing could more forcibly illustrate that special 
■!iip supposed by Melloui and others to subsist 
the optic nerve and the oscillating periods of 
s bodies. The optic nerve responds, as it were, 
waves with whicli it is in consonance, while 
's to be excited by others of almost in6nitely 
energy, whose periods of recurrence are not in 
ivith its own. 

10. Perinstence of Rays. 

11 early part of this lecture it was affirmed that 
platinum wire was gradually raised to a state of 
candescence, new rays were constantly added, 
le intensity of the old ones was increased. Thus 
)raper'8 experiments the rise of temperature that 
■1/ the orange, yellow, green, and blue rays aug- 
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AppearsncB Eneigy of 
of Bpir«i. obHonre ra(lJ»tiiin, 

Dark 1 

Dark, but hotter 3 

Dark, but atill hotter 6 

Dark, but Blill hotter 10 

Feeble red ■ . 19 

Dull red 25 

Red 37 

FuU red 62 

Orange 89 

Bright oraDge ....... 144 

Yellow 202 

White 276 

IntenBe white 440 



Thus the augmentation of the electric current, which 
raises the wire from its primitive dark couditioQ to an 
intense white heat, exalts at the same time the energy of 
the obscure radiation, until at the end it is fully 440 
times what it was at the beginning. 

What has been here proved true of the totality of the 
ultra-red rays ia true for each of them singly. Placing 
our linear thermo-electric pile in any part of the ultra-red 
^ectrum, it may be proved that a ray once emitted con- 
foues to be emitted with increased energy as the tem- 
perature is augmented. The platinum spiral so often 
wferred to being raised to whiteness by an electric cur- 
rent, a brilliant spectrum was formed from its light. A 
finear thermo-electric pile was placed in the region of 
obscure rays beyond the red, and by diminishing the 
current the spiral was reduced to a low tempemture. 
It Was then caused to pass through various degrees 
of dwknesa and incandescence, with the following re- 
nilta:— 
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ViT^.-™™ E-oar of 
of «pinkl. oDacuie rsjB. 

irk 1 

.rk ■. . . 6 

i!it red 10 

.!lK«l IS 

a 18 

ill red 27 

unge 60 

-How 93 

hite 1S8 

, US in the former case, the dark and bright radia- 
;ii:hed their maximum together ; as the one aug- 

ihe other augmented, until at last the energy of 
cure rays of the particular refrangibihty here 
became 122 times what it was at first. To reach 

lieat tlie wire has to pass througli all the stages of 
■ radiation, and in its most brilliant condition it 
■s, in an intensified form, the rays of all those stages. 
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cases when the curve repreaenting the radiant energy 
of the body is constructed, the obscure radiation towers 
upwards like a mountain, the luminous radiation re- 
sembling a mere spur at its base. From the very bright- 
ness of the light of some of the fixed eUirs we may infer 
tie intensity of the dark radiation, which is the precursor 
aad insepai'able associate of their luminous rays. 

We thus find the luminous radiation appearing when 
the radiant body has attained a certain temperature ; or, 
in other words, when the vibrating atoms of the body have 
attained a certain width of swing. In solid and molten 
bodies a certain amplitude cannot be surpassed without 
tie introduction of periods of vibration, which provoke 
the sense of vision. How are we to figure this? If 
permitted to speculate, we might ask, are not tliese 
more rapid vibrations the progeny of the slower ? la it 
not really the mutual action of the atoms, when they 
swing through very wide spaces, and thus encroach upon 
tacli other, that causes them to tremble in quicker 
periods? If so, whatever be the agency by which the 
large swinging space is obtained, we shall have light-giving 
. 'ibradons associated with it. It matters not wliether tlie 
lai^e amphtudes be produced by the strokes of a ham- 
nier, or by the blows of the molecules of a non-luminoua 
gas, such as the air at some height above a gas-fiame ; 
Iff by the shock of tlie lether particles when transmitting 
radiant heat. The result iu all cases will be incande- 
scence. Tims, the invisible waves of our filtered electric 
lieam may be regarded as generating synchronous vibra- 
liotiB among the atoms of the platinum on which they 
impinge ; but once these vibrations have attained a certain 
amplitude, the mutual jostling of tlie atoms produces 





FRAOME?rrS OF SCIENCE. 

tremors, and the Iigh^giving waves follow as tlie 
y product of the heat-giving ones. 

1, Absorption of Madiant Heat hy Vapours 
and Odours. 

lommenced the demonstrations brought forward 
lecture by expeiiments on pennanent gases, and 
e now to turn our attention to the vapours of 
liquids. Here, as in the case of the gases, vast 
:es have been proved to exist between various 
■ molecules, as regards their power of intercepting 
rific waves. While some vapours allow the waves 
ratively free passage, the minutest bubble of other 
, introduced into the tube already employed for 
lusea a deflection of the magnetic needle. Assum- 
absorption effected by air at a pressure of one 
ere to be unity, the following are the absorptions 
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sure of the acetic ether here employed, and comparing 
ihem then tt^ether, the quantity of wave-motiou inter- 
cepted by the ether would be many thousand times that 
intercepted by the air. 

Any one of these vapours discharged into the free atmo- 
spliere, in front of a body emitting obscure rays, intercepts 
more or less of the radiation. A similar effect is pro- 
duced by perfumes diffused in the air, though their at- 
tenuation is known to be almost infinite. Carrying, for 
esample, a current of dry air over bibulous paper moist- 
ened by patchouli, the scent taken up by tlie current 
absorbs 30 times the quantity of heat intercepted by the 
air which carries it ; and yet patchouli acts more feebly 
on radiant heat than any other perfume yet examined. 
Here follow the results obtained with various esseutial 
oils, the odour, in each case, being carried by a current 
of dry air into the tube already employed for gases and 
vapours : — 



N&me of perfume- 
Patchouli , 
Sandal wood 
J Geranium . 
koilorCloTee 
vOtto of Koaes 
v&ergamot 
i}«Toli 



LXhjme 

■ SoBenuu? . 

f Oil of Laurel 

) Camomile Flo wera 
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Thus the abctorptioii by a tube full of dry air beii^ 1, 
that of the odour of patchouli diffused in it is 30, that of 
lavender 60, that of rosemary 74, while that of aoiseed 
amounts to 872. It woidd be idle to speculate on the 
quantities of matter concerned in these addcxis. 

12. Aqueana Vapour in relation to Ae Terrestrial 

Temperatures} 

We are now fiilly prepared for a result which, withoiE^ 
such preparation, might appear incredible. Water is, tC 
some extent, a volatUe body, and our atmosphere, resting 
as it does upon the surfiatce of the ocean, receives from iC 
a continual supply of aqueous vapour. It would be am 
error to confound clouds or fog or any visible mist witb 
the vapour of water: this vapour is a perfectly impal- 
pable gas, diffused, even on the clearest days, throughout! 
the atmosphere. Compared with the great body of the 
air, Uie aqueous vapour it contains is of almost infini- 
tesimal amount, 99^ out of every 100 parts of the atmo- 
sphere being composed of oxygen and nitrogen. In the 
absence of experiment, we should never think of ascribing 
to this scant and varying constituent any important in- 
fluence on terrestrial radiation ; and yet its influence is 
far more potent than that of the great body of the air. 
To say that on a day of average humidity in England, 
the atmospheric vapour exerts 100 times the action of 
the air itself, would certainly be an understatement of the 
fact. The peculiar qualities of this vapour, and the cir- 
cumstance that at ordinary temperatures it is very near its 
point of condensation, render the results which it yielded 

' See Note at the end of this Lectuie. 
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in the apparatus already described, less than tlie truth ; 
and I am not prepared to say that the absorption by this 
saiatance is not 200 times that of the air in which it is 
MUsed. Comparing a single molecule of aqueous vapour 
with an atom of either of the main constituents of our 
atmosphere, I am not prepared to say how many thou- 
sand times the action of the former exceeds that of the 
latter. 

But it must be borne in mmd that these large numbers 
depend in part upon the extreme feebleness of the air ; 
the power of aqueous vapour seema vast, because that of 
tbe air with which it is compared is inflniteairaal. Abso- 
lutely considered, however, this substance, notwithstand- 
ing its small specific gravity, exercises a very potent 
Wlion. Probably from 10 to 15 per cent, of the heat 
radiated |from the earth is absorbed within 10 feet of 
the earth's surface. This must evidently be of the 
utmost consequence to the life of the world. Imagine 
the superficial molecules of the earth trembfing with the 
motion of heat, and imparting it to the surrounding 
ether ; this motion would be carried rapidly away, and 
lost for ever to our planet, if the waves of eetlier had 
tolhing but the air to contend with in their outward 
Murse. But the aqueous vapour takes up the motion of 
'he iethereal waves, and becomes thereby heated, thus 
wrappiog the earth like a warm garment, and protecting 
"8 surface from the deadly chUl which it would otherwise 
**iBtain. Various philosophers have speculated on the 
"ifluence of an atmospheric envelope. De Saussure, 
''ourier, M, Pouillet and Mr. Ilopkins have, one and all, 
^ttriched scientific Hterature with contributions on this 
object, but the considerations which these eminent men 
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protects the earth firora chill must also shut out the solar 
tadiation. This is partially true, but only partially ; the 
bud's rays are different in quality from the earth's rays, 
Uid it does not at all follow tliat the substance which 
absorbs the one must necessarily absorb the other. 
Through a layer of water, for example, one tenth of an 
inch in thickness, the sun's rays are transmitted with 
comparative freedom ; but through a layer half this 
thickness, as Melloni has proved, no single ray from the 
wanned earth could pass. In like manner, the sun's rays 
pass with comparative freedom through the aqueous 
vapour of the air : the absorbing power of this substance 
being mainly exerted upon the heat that endeavours to 
BKape from the earth. In consequence of this differen- 

R^on upon solar and terrestrial heat, the mean tera- 
ire of our planet is higher than is due to its distance 
the sun. 

13. Liquids and their Vapours in relation to 
Radiant Beat. 

The deportment here assigned to atmospheric vapour 
has been established by direct experiments on air taken 
ftom the streets and parks of Loudon, from the downs of 
%fioin, fixjm the hiUs and sea-beach of the Isle of Wight, 
and also by experiments on air in the first instance dried, 
>Dd afterwards rendered artificially humid by pure distilled 
■Water. It has also been established in the following way. 
Ten volatile liquids were taken at random and the power 
ff these liquids, at a common thickness, to intercept the 
^aves of heat was carefully determined. Tlie vapours 
of the liquids were next taken, in quantities proportional 
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luautities of liquid, nnd the power of the vapours 
jcept the waves of heat was also determined, 
licing with the substance which exerted the least 
; power, and proceeding upward to the most 
■c, the following order of absorption was ob- 



iloroform. 


Bisulphide of cirbor 

Chloroform. 


Jiik- of iiietli^l. 


Iodide of metbyl. 
Iodide of ethyl. 
Benzol. 


Tplmric ether, 
letio otlicT. 


Amylene. 
Salphuric ether. 
Acetic elher. 


nnie other. 


Formic ether. 


cohol. 


Alcohol. 



3 fiiul the order of absorption in both cases to 



BADIATION. 



It has been proved by experiment that a shell of air two 
inches in thickness surrounding our planet, and saturated 
with the vapour of sulphuric ether, would intercept 
36 per cent, of the earth's radiation. And though the 
ititj of aqueous vapour necessary to saturate air is 
less than the amount of sulphuric ether vapour 
it can sustain, it is still extremely probable that 
the estimate already made of the action of atmospheric 
vapour within 1 feet of the earth's surface, is altogether 
under the mark ; and that we are indebted to this 
Wonderful substance, to an extent not accurately deter- 
mined, but certainly far beyond what has hitherto been 
inmgined, for the temperature now existing at the surface 
of the globe. 



14. Reciprocity of Radiatimi and Absorption. 

Throughout the reflections which have hitherto occti- 

Pied us, the image before the mind has been that of a 

tadiant source generating calorific waves, which on 

passing among the scattered molecules of a gas or vapour 

*ere intercepted by those molecules in various degrees. 

In all cases it was the tmnsference of motion from the 

*ther to the comparatively quiescent molecules of the 

Saa or vapour. We have now to change the form of our 

"inception, and to figure these molecules not as absorbers 

"^Ut as radiators, not aa the recipients but as the origi- 

**«tor8 of wave motion. That is to say, we must figure 

^llem vibrating and generating in the surrounding sether 

Undulations which speed through it with the velocity of 

^ight. Our object now is to enquire whether the act of 

^iliemical combination, which proves so potent as regards 
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aomena of absorption, does not also manifest its 
I the phenomena of radiation. For the esamina- 
}iis question it is necessary, in the first place, to 
gases and vapours to the same temperature, and 
.mine their power of discharging the motion thus 
I to them upon the Ktlier in wliich they swing. 
^ted copper ball was placed above a ring gas- 
possessiug a great number of small apertures, the 
leing connected by a tube with vessels containing 
0U3 gases to be examined. By gentle pressure 
•i were forced through the orifices of the burner 
the copper ball, where each of them, being 
rose in an ascending column. A thermo-electric 
irely screenetl off" from the hot ball, was exposed 
idiatioD of the warm gsis, and the deflection of a 
; needle connected with the pile, declared the 
>f the radiation. 
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When air is permitted to msh into an exhausted tube, the 
tranperature of the air ia raised to a degree equivalent to 
the vis viva extinguished.' Such air is said to be dynami- 
cally heated, and, if pure, it shows itself incompetent to 
radiate, even when a rocksalt window is provided for 
the passage of its rays. But if instead of being empty 
the tube contain a small quantity of vapour, then the 
■warmed air will communicate heat by contact to the 
vapour, which will be thus enabled to radiate. Thus the 
molecules of the vapour convert into the radiant form 
the heat imparted dynamically to the atoma of the air. 
By this process, which lias been called Dynamic Radia- 
tion, the radiative power of both vapours and gases haa 
been determined, and the reciprocity of their radiation 
and absorption proved.* 

In the excellent researches of Leslie, De la Provostaye 
and Desains, and Balfour Stewart, the reciprocity of 
ttdiation and absorption as regards solid bodies has 
Vieen variously illustrated ; while the labours, theoretical 
and experimental, of Kirchhoff have given this subject 
a wonderful expansion, and enriched it by applications 
<if the highest kind. To their results are now to be 
added the foregoing, whereby gases and vapours which 
lave been hitherto thought inaccessible to experiments 
tifthis kind are proved to exhibit the duality of radiation 
and absorption, the influence on both of chemical combi- 
nation being exhibited in the most decisive and extraor- 
•linary way. 



' See pH(;e 16 fnr a 
' When beftt«d mi 

''UufenTire i>r bent L 
'^^Duuic Radiation ul 
'itwlione. 



imparts its motion to another gaa or vapour, the 
iccompNUed bj a change of vibrating period. The 
apouia b rendered posaibla b; the ti 
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15. Infiumce of Vibrating Period and Molecular Fern^i^ 
Physical Analysis of the Human Breath. 



In the foregoing experiments with gases and vapou 
we have employed throughout invisible rays; some (u— - 
these bodies are so impervious that in lengths of a fen^^ 
feet only, they intercept every ray as effectually as i^0 
layer of pitch would do. The substances however whicF^^^ 
show themselves thus opaque to radiant heat are perfecti; 
transparent to light. Now the rays of light differ 
those of invisible heat only in point of period, the foimiii^^ '^ 
fedling to affect the retina because their p^ods €i recur- 
rence are too slow. Hence, in some way or othw th 
transparency of our gases and vapours depends upon th 
periods of the waves which impinge upon them. Wha 
is the nature of this dependence? The admirable 
searches of Kirchhoff help us to an answer. The 
and molecules of every gas have certain definite rates 
oscillation, and those waves of aether are most copious! 
absorbed whose periods of recurrence synchronise wit 
the periods of the molecules amongst which they pass, 
Thus, when we find the invisible rays absorbed and the^^^^ 
visible ones transmitted by a layer of gas; we conclude^^^^ 
that the oscillating periods of the gaseous molecules^^*^ 
coincide with those of the invisible, and not with those of*'^ 
the visible spectrum. 

It requires some discipline of the imagination to 
a clear picture of this process. Such a picture is, how 
ever, possible, and ought to be obtained. When 
waves of ajther impinge upon molecules whose period 
of vibration coincide with the recurrence of the undu 
lations, the timed strokes of the waves, the vibration cv 






i 
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the molecules augraenta, as a heavy pendulum is set 
in motion by well-timed puffs of breath. Millions of 
niilliona of shocks are received every second from the 
calorific waves, and it is not difficult to see that as 
every wave arrives just in time to repeat the action 
of ita predecessor, the molecules must finally be caused 
to swing through wider spaces than if tlie arrivals were 
lot so timed. In fact, it is not difficult to see that an 
Assemblage of molecules, operated upon by contending 
"^aves, might remain practically quiescent, and this is 
«.«tually the case when the waves of the visible spectrum 
a through a transparent gas or vapour. There is here 
»»o sensible transference of motion from the aither to the 
Uiolecules ; in other words, there is no sensible absorp- 
*-ioii of heat. 

One striking example of the influence of period may 

Viere be recorded. Carbonic acid gas is one of the feeblest 

of absorbers of the radiant heat emitted by solid sources. 

It is, for example, to a great extent transparent to the rays 

dmtted by the heated copper plate already referred to. 

Ihere are, however, certain rays, comparatively few in 

number, emitted by the copper, to whicli the carbonic 

acid is impervious ; and could we obtain a source of heat 

emitting such rays only, we should find carbonic acid 

more opaque to the radiation from that source than 

^y other gas. Such a source is actually found in the 

flfitne of carbonic oxide, where hot carbonic acid con- 

*htuies the main radiating body. Of the rays emitted 

■'y our heated plate of copper, olefiant gas absorbs ten 

'mies the quantity absorbed by carbonic acid. Of the 

■^ys emitted by a carbonic oxide flame, carbonic arid 

"Whs twice as much as olefmnt gas. This wondLTfuI 
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ill tlic power of the former as an absorber is simply 
the fact, that the periods of tlie hot and cold 
: acid are identical, and that the waves from the 
eely transfer tlieir motion to the molecules which 
nise with them. Thus it is that the tenth of an 
lere of carbonic acid, enclosed in a tube four feet 
sorbs 60 per cent, of the radiation from a carbonic 
mie, while one-thirtieth of an atmosphere absorbs 
■ont. of the heat from the same origin. 
L't, the presence of the minutest quantity of car- 
cid may be detected by its action on the rays 
carbonic oxide flame. Carrying, for example, 
d human breath into a tube four feet long, the 
on there effected by tiie carbonic acid of the 
miounts to 50 per cent, of the entire radiation. 
heat may indeed be employed as a means of 
ling practically the amount of carbonic acid 
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ll is thus proved tliat in the quantity of aithereal 
Wiitiou which it is competent to take up, we have a 
practical measure of the carbonic acid of tiie breath, and 
licttce of die combustion going on in the human lungs. 

Still this question of period, though of the utmost 
importance, ia not competent to account for the whole 
of the observed facts. The a;thcr, as far as we know, 
accepts vibrations of all periods with the same readiness. 
To it the oscillations of an atom of oxygen are just as 
acceptable as those of a molecule of olefiant gas ; that 
tlie vibrating oxygen then stands so far below the 
oleSant gas in radiant power must be referred not to 
period, but to some otlier peculiarity of the elementary 
gas, The atomic group wliich constitutes the mole- 
cule of olefiant gas, produces uaany thousand times the 
ilisturbauce caused by the oxygen, because the group is 
able to lay a vastly more powerful hold upon the aether 
than the single atoms can. The cavities and indenta- 
tions of a molecule composed of spherical atoms may 
he one cause of this augmented hold. Another, and 
probably very potent one may be, that the Eether itself, 
condensed and entangled among the constituent atoms of 
a compound, virtually increases the magnitude of the 
group, and hence augments the disturbance. But whatever 
may be the fate of these attempts to visualise the physics 
of the process, it will still remain true, that to account for 
the phenomena of radiation and absorption we must take 
into consideration the shape, size, and complexity of the 
molecules by which the asther is disturbed. 
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16. Summary and Conclusion. 

Let us now cast a momentary glance over the grouiv^ 
that we have left behincL The general nature of liglf^^ 
and heat was first briefly described : the compounding o.^ 
matter from elementary atoms and the influence of th^^ 
act of combination on radiation and absorption weve^ 
considered and experimentally illustrated. Through the 
transparent elementary gases radiant heat was found to 
pass as through a vacuum, while many of the compound 
gases presented almost impassaUe obstacles to the 
calorific wavea This deportment of the simple gases 
directed our attention to other elementary bodies, the 
examination of which led to the discovery that the ele- 
ment iodine, dissolved in bisulphide of carbon, possesses 
the power of detaching, with extraordinary sharpness, 
the light of the spectrum fix)m its heat, intercepting all 
luminous rays up to the extreme red, and permitting the 
calorific rays beyond the red to pass freely through it. 
This substance was then employed to filter the beams of 
the electric light, and to form foci of invisible rays so 
intense as to produce almost all the efiects obtainable in 
an ordinary fire. Combustible bodies were burnt and 
refractory ones were raised to a white heat by the con- 
centrated invisible rays. Thus, by exalting their refran- 
gibility, the invisible rays of the electric light were 
rendered visible, and all the colours of the solar spectrum 
were extracted from utter darkness. The extreme rich- 
ness of the electric light in invisible rays of low refran- 
gibility was demonstrated, one-ninth only of its radiation 
consisting of luminous rays. The deadness of the optic 
nerve to those invisible rays was proved, and experi- 
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mtnta were tlieu aJUwl, to show tliiit the brlglit aiiJ tlie 
dark rays of a solid body raised gradually to intense 
iucsuidescence, are strengthened together; intense dark 
heat being an invariable accompaniment of intense white 
lieaL A sun could not be foroied, or a meteorite ren- 
dered luminous, on any other condition. Tlie light- 
giving rays, constituting only a small fraction of the total 
radiation, their unsjjeakable importance to us is due to 
the fact that their periods are attuned to the special 
requirements of the eye. 

Among the vapours of volatile liquids vast differences 
Were also found to exist, as regards their powera of 
absorption. We followed various molecules from a 
stale of liquid to a state of gas, and found, in both states 
of aggregation, the power of tlie individual molecules 
equally asserted. The position of a vapour as an absorbCT 
of radiant heat was shown to be determined by tliat of 
thchquid from which it is derived. Reversing our con- 
ceptions, and regarding the molecules of gases and va^wurs 
Wt as the recipients, but as the originators of wave 
motion ; not as absorbers but as radiatoi-s ; it was proved 
that the powei-s of absorption and radiation went hand in 
liaiid, the selfsame chemical act which rendered a body 
t'umpetent to intercept the waves of aether, rendering it 
competent in the same degree to generate them. Per- 
fumes were next subjected to examination, and uotwith- 
staudiag tlieir extraordinary tenuity, they were found 
vastly superior, in point of absorptive power, to the body 
of the air in which they were diffused. We were led thus 
»Wly up to the examination of the most widely diffused 
wid most important of all vapours — the aqueous vapour 
•jf oiir atmosphere, and we found in it a potent absorber 



of the purely calorific raya. The power of this sub- ' 
stauce to influence climate, and ita general influence on 
the temperature of the earth, were then briefly dwelt 
upon. A cobweb spread above a blossom is suflident 
to protect it from nightly chill ; and thus the aqucoua 
vapour of our air, attemiated as it is, checks the drain 
of terrestrial heal, and saves the surface of our planet 
from the refrigeration which would assuredly accrue, 
were no such substance interposed between it and the 
voids of space. We considered the influence of vibrating 
period and molecular form on absorption and radiation, 
and finally deduced from its action upon radiant heat, 
the exact amount of carbonic acid expired by the human 



Thus in brief outline were placed before you some of 
the resulta of recent enquiries in the domain of EadJation, 
and my aim throughout has been to raise in your minds 
distinct physical images of the various processes involved 
in our researches. It is thought by some that natural 
science has a deadening influence on the imagination, and 
a doubt might fairly be raised as to the value of any 
study which would necessarily have this effect. But the 
experience of the last hour must, I think, have convinced 
you, that the study of natural science goes hand in hand 
with the culture of the imagination. Throughout the 
greater part of this discourse we have been sustained by 
this faculty. We have been picturing atoms, and mole- 
cules, and vibrations, and waves, which eye has never 
seen nor ear heard, and which can only be discerned by 
the exercise of imagination. This, in fact, is the faculty 
which enables us to transcend the boundaries of sense, 
and connect the phenomena of our visible world with 
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rhoae of an inviable one. Without imagination we never 
uld have risen to the conceptions which have occupied 
*-«.is here to-day ; and iu proportion to your power of exer- 
(^:3ising this faculty aright, and of associating definite mental 
txmages with the terms employed, will be the pleasure 
K^nd the profit which you will derive from this lecture, 
tltfae outward facts of nature are insufljcient to satisfy the 
("Xnind. We cannot be content with knowing that the 
' Xight and heat of the sun illuminate and warm the world. 
I "We are led irresistibly to enquire what is light, and what 
M heat? and this question leads us at once out of the 
I r^on of sense into that of imagination, 
I Thus pondering, and questioning, and striving to sup- 
plement that which is felt and seen, but which is incom- 
plete, by something unfelt and unseen which is necessary 
to its completeness, men of genius have in part discerned, 
not only the nature of light and heat, but also, through 
them, the general relationship of natural phenomena. The 
working power of nature is the power of actual or poten- 
tial motioD, of which all its phenomena are but special 
forms. This motion manifests itself in tangible and in 
intangible matter, being incessantly transferred from the 
one to the other, and incessantly transformed by the 
change. It is as real in the waves of the aather as in the 
waves of the sea ; the latter, derived as tliey are from 
winds, which in their turn are derived from the sun, being 
nothing more than the hcaped-up motion of the fonner. 
It is the calorific waves emitted by the sun which heat 
oiu: air, produce our winds, and hence agitate our ocean. 
And whether they break in foam upon the shore, or rub 
silently against the ocean's bed, or subside by the mutual 
i'rictiou of their own parts, tlie sea wavea, which cannot 
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ON RADIANT HKAT IN RELATION TO THE COLOUR 
AND CHEMICAL CONSTITUTION OF BODIES. 

OiTE of the most important functions of physical science, 
considered as a discipline of the mind, is to enable us by 
means of the tangible procesaea of nature to apprehend 
the intangible. The tangible processes give direction to 
the line of thought ; but this once given, the length of 
the line is not limited by the boundaries of the senses. 
Indeed, the domain of the senses in Nature is almost 
infinitely small in comparison with the vast region acces- 
sble to tliought which lies l>eyond them. From a few 
observations of a comet, when it comes within the range 
of his telescope, an astronomer can calculate its path in 
regions which no telescope can reach ; and in like 
manner, by means of data furnished in the narrow world 
of the senses, we make ourselves at home in other and 
wider worlds, which can be traversed by the intellect alone. 
From the earliest ages the questions, ' what is light ? * 
wd ' what is heat ? ' have occurred to the minds of men ; 
but these questions never would have been answered had 
they not been preceded by the question, ' what is sound P ' 
Atnid the grosser phenomena of acoustics the mind was 
first disciphned, concei)tions being thus obtiuned from 
flirect observation, which were afterwards applied to 
phenomena of a character tar too subtle to be oliaervcd 
directly. Sound we know tn be due to vibratory 
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A vibrating tuning-fork, for ^tample, moaldB 
Iroimil it into undulationa or waves, which speed 
all sides with a certain measured velocity, 
liipon the drum of the ear, shake the audiUny 
Id awake in the brain the sensation of sound. 
Iiffideiitly near a sounding body we can feel the 
a of the air. A deaf man, for example, plunging 
I into a bell when it is sounded, feels through the 
I nerves of his body those tremors which, when 
I to the nerves of healthy ears, are translated into 
Tlierc are various ways of rendering those 
I vibrntions not only tangible but visible ; and it 
I uMlil numberless experiments of this kind had 
Iciited, tliat the scientific investigator abandoned 
wholly, and without a shadow of uncertainty, to 
Bic.tion that what is sound within us is, outside of 
Btion of the air, 

Incc having established this fact — once having 

moyond all doubt that the sensation of sound is 

by an agitation of the nerve of the ear, the 
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taitarely driven from the field by the more wonderful ami 
far more pliilosophical notion tbat light, Hke sound, is a 
product of" wave-motion. 

The domain in which this motion of light is carried on 
liea entirely beyond the reach of our senses. Tjie waves 
of light refjuire a medium for their formation and propa- 
gation, but we cannot see, or fe«l, or taste, or smcU thia 
iQedium. How then has its existence been established ? 
By showing that by the assumption of this wonderful 
ititangible tufher all the phenomena of optics are accounteil 
fhr with a ftilnesa and clearness aud conclusivenew* 
"Which leave no desire of the intellect unfulfilled. When 
t-lie law of gravitation first suggested itself to the mind of 
Newton, what did he do P He set himself to examine 
'■vhether it accounted for all the facts. He determined 
tie coiiraes of the planets ; he calculated the rapidity 
of the moon's fall towards the earth ; he considereil the 
precession of the equinoxes, the ebb and flow of the tides, 
^nd found all explained by the law of gravitation. He 
therefore regarded this law as established, and the verdict 
of science subsequently confirmed his conclusion. On- 
s'lnilar, and, if possible, on stronger grounds, we foiiTul 
our belief in the existence of the universal tether. It 
ejcplains facts far more various and complicated than 
Itfse on which Newton based his law. If a single phe- 
lotnenon could be pointed out which the asther is proved 
'ncompetent to explain, we should have to give it u]i ; 
'*'it no such phenomenon has ever been pointed out. 
" is, therefore, at least as certain that space is filled 
*illi a medium by means of which suns and stars difTuse 
^p'lr radiant power, as tliat it 5a traversed by that force 
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I holds, not only our planetary system, but tlie 
osnrable heavens tliemselves, in its grasp. 
2re is no more wonderful instance than this of tht 
ction of a line of thought from the world of the 

into the region of pure imagination. I mean by 
!iation here, not that play of fancy which can give 
y nothing a local habitation and a name, but that 
• which enables the mind to conceive reaUties 
1 lie beyond the range of the senses — to present to 
distinct physical Images of processes which, though 
y in the aggregate beyond all conception, are so 
e individually as to elude all observation. It is 
aves of air excited by this tuning-fork which render 
irations audible. It is the waves of a3ther sent 

from those lamps overhead which render them 
ous to us ; but so minute are these waves, that it 

take from 30,000 to 60,000 of them placed end to 
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Bans and planets, but it alao encircles the atoms of which 
these suns and planets are composed. It is the motion 
of these atoms, and not that of any sensible parts of 
bodies, that the asther conveys; it is tliis motion that 
constitutes the objective cause of wliat in our sensa- 
tions are light and heat. An atom, then, sending its pulses 
^ugh the infinite aither, resembles a tuning-fork sending 
its pulses through the air. Let us look for a moment at 
lliia thrilling a;ther, and briefly consider its relation to the 
bodies whose vibrations it conveys. Different bodies, 
when heated to the same temperature, possess very 
different powers of agitating the aither : some are good 
radiators, others are bad radiators; which means that 
some are so constituted as to communicate their motion 
freely to the ffither, producing therein poweriiil undula-- 
tiona; while others are unable thus to communicate their 
motion, but glide through the asther without materially 
disturbing its repose. Recent experiments have proved 
that elementary bodies, except under certain anomalous 
Conditions, belong to the class of bad radiators. Au 
Worn vibrating in the tether resembles this naked tuning- 
fork vibrating in the air, The amount of motion com- 
aunicated to the air by these thin prongs is too small to 
Woke at any distance the sensation of sound. But if we 
permit the atoms to combine chemically and form mole- 
cules, the result in many cases is an enormous change in 
^e power of radiation. The amount of asthereal disturb- 
^ce produced by the combined atoms of a body may be 
Diauy thousand times that produced by its constituent 
atoms when uncombined. The eflect is roughly typified 
l>y this tuning-fork when connected with its resonant case. 
The fork and its case now swing as a compound system, 
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rHvatiOBS which were before iaaudible, are now 
» of a musical sound so powerful that it might 
y heard by thousands at once. The fork and its 
abiiwd may be roughly regarded as a good 
of 90Uod. 

iU'Ii K^ a musical note depends upon the rapiflity 
ttratioos, or, in other words, on the length of its 
Now, the pilch of a note answers to the colour 

Takii^ a slice of white light from the beam of 
ic lamp, I cause that hght to pass through an 
KUt v>f prisms. It is decomposed, and we have 
t *.il»Muiwil by Newton, who first unrolled the 
uu into the splendours of the solar spectrum, 
end of this spectnmi we hare red hght, at the 
>k-l, and between those extremes lie the other 
• colours. As we advance along the spectrum 

nxl to the violet, the pitch of the hght^if I 
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produce this first band is sucli that 47,460 of them, placed 
end to end, would fill an inch. The wave3 -which pro- 
iluce the second Imnd are a little shorter; it would take 
of these 47,920 to fill an inch. In the case of the first 
band, the number of impulses imparted in one second to 
every eye which now sees it, is 577 millions of millions ; 
Tvhile the number of impulses inriparted in the same time 
\yj the second band is 600 railliona of millions, I now 
<:ast upon the screen before you the beautiful stream of 
green light from which these bands were derived. This 
luminous stream is the incandescent vapour of silver. 
The rates of vibration of the atoms of that vapour are as 
xigidly fixed as those of two tuning-forks ; and to what- 
ever height the temperature of the vapour may be raised, 
.the rapidity of its vibrations, and consequently its colour, 
■which wholly depends upon that rapidity, remain un- 
changed. 

The vapour of water, as well as the vapour of silver, 
lias its definite periods of vibration, and these are such as 
to disqualify the vapour, when acting freely as such, from 
bang raised to a white heat. The oxyhydrogen dame, for 
example, consists of hot aqueous vapour. It is scarcely 
visible in the air of this room, and it would be still less 
viaible if we could burn the gas in a clean atmosphere. 
But the atmosphere, even at the summit of Mont Blanc, 
is dbty ; in London it is more than dirty ; and the burn- 
ing dirt gives to this flame the greater portion of its 
present light. But the heat of the flame is enormous. 
Cast iron fuses at a temperature of 2,000° Fahr.; while 
the temperature of the oxyhydrogen flame is 6,000 Fahr. 
A piece of platinum is heated to vivid redness at a distance 
of Iwo inches beyond the visible termination of the flame. 
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The vapour which produces incandesceDce is here abeo^l 
lutdj dark. In the Same iuelf the platinum is msed to I 
dazzling whiteness, and b finallr pierced by the Same. 
When this flame impinges on a piece erf" lime, we have the 
Hayrling Dnmunond light. But the hght b here due to 
the &ct that when it impinges upon the solid body, the 
vibrations excited in that body by the flame are of period^ 
different from its own. 

Tbu3 &r we have fixed otir attention on atoms anc^^ 
molecules in a state of vibration, and surrounded by ^^ 
medium which accepts their vibrations, and transmits then^^^^ 
through space. But suppose the waves generated by ontu^^ 
system of molecules to impinge upon another system, ho\^^^ 
will the waves be affected? Will they be stopped, o^^^^ 
will they be permitted to pass ? Will they transfer thei^C ^ 
motion to the molecules on which they impinge, or wilC--^ 
they glide round the molecules, through the intermole — "^ 
cular spaces, and thus escape ? 

The answer to this question depends upon a conditioi*^^* 
which may be beautifully exemplified by an experiment*' -' 
on sound. These two tuning-forks are tuned absolutely"^ 
alike. They vibrate with the same rapidity, and mountet^E^ 
thus upon their resonant stands, you hear them loudl y*'^ 
sounding the same musical note. I stop one of the fnrksj^ — ^ 
and throw the other into strong vibration, I now bring^^ 
that other near the sUent fork, but not into contact with .-^ 
it. Allowing them to continue in tliis position for four 
or five seconds, I stop the vibrating fork ; but the sound 
has not ceased. The second fork has taken up the vibra- J 
tions of its neighbour, and is now souudiug in its turn. I 1 
dismount one of the forks, and permit the oilier to remain I 
upon its stand. I throw the dismounted fork into strong I 
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vibration, but you caimot hear it BounJ, Detached from 
its stand the amount of motion which it can communicate 
to the air is too small to make itself sensible to the ear at 
any distance. I now bring the dismounted fork close to 
the moimted one, but not into actual contact with it. 
Out of the silence rises a mellow sound. Whence comes 
it? From the vibrations which have been transferred 
fiora the dismounted fork to the mounted one. 

That motion should thus transfer itself through the air 
it is necessary that the two forks should be in perfect 
imison. If I place on one of the forks a morsel of wax 
not larger than a pea, it is rendered thereby powerless to 
affect, or to be affected by, the other. It is easy to 
"Understand this experiment. The pulses of the one fork 
«an affect the other, because they are perfectly timed. A 
»ingle pulse causes the prong of the silent fork to vibrate 
through an infinitesimal space. But just as it has com- 
pleted this small vibration, anotlicr pulse is ready to strike 
it. Thus, the small impulses add themselves together. 
In the five seconds during which the forks were held near 
each other, the vibrating fork sent 1,280 waves against 
its neighbour, and those 1,280 shocks, all delivered at the 
proper moment, all, as I have said, perfectly timed, have 
given such strength to the vibrations of the mounted fork 
as to render them audible to you all. 

Let me give you one other curious illustration of the 
influence of synchronism on musical vibrations. Here 
are three small gas-flames inserted in three glass tubes of 
different lengths. Each of these flames can be caused to 
emit a musical note, the pitch of which is determined by 
the length of the tube surrounding the flame. The 
shorter the tube the higher is the pitch. The flames are 




now silent within their respective tubes, but cacli of 
them can be caused to respond to a proper note sounded 
anywhere iii this roona. Here is an instrument called a 
syren, by wliich a powerful musical note can be produced. 
Beginning with a note of low pitch, and ascending 
gradually to a higher one, I finally reach the note of the 
flame in the longest tube. The moment it is reached, 
tiio flame bursts into song. Hut the other flames are still 
silent within their tubes. I urge tlie instrument on to 
higher notes; the second flame has now started, and 
the third alone remains. But a still higher note starts 
it also. Thus, as the sound of the syren rises gnidually 
in pitch, it awakens every flame in passing, by striking it 
with a series of waves whose periods of recurrence are 
similar to its own. 

Now the wave-motion from the syren is in part taken up 
by the flame which synchronises with the waves ; and had 
these waves to impinge upon a multitude of flames, instead 
of upon one flame only, the transference might be so great 
as to absorb the wliole of the original wave-motion. Let 
us apply these facts to radiant lieat. This blue flame is 
the flame of carbonic oxide ; this transparent gas is car- 
bonic acid gas. In the blue flame we have carbonic add 
intensely heated, or, in other words, in a state of intense 
vibnition, II thus resembles the sounding tuning-fork, 
while this cold carbonic acid resembles the silent one. What 
IB the consequence ? Through the synchronism of the hot 
and cold gas b-ansmUsion of motion through the gas is pre- 
vented ; it ia all tranfiferred. Tlie cold gas is intensely 
opaque to the radiation from tliis particular flame, thougli 
highly transparent to heat of every other kind. We are 
here manifestly dealing with that great principle which lies 
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It the basis of apectnim analysis, and which has enabled 
Bcieiitific men to determine the substances of which the sun, 
theatar3,and even the nebula3 are composed: the principle, 
namely, that a body which is competent to emit any ray, 
whether of heat or light, is competent in the same degree 
to absorb that ray. Tlie absorption depends on the syn- 
chronism which exists between the vibrations of the atoms 
from which the rays, or more correctly the waves, issue, 
and those of the atoms against which they impinge. 

To its incompetence to emit white light, aqueous vapour 
adds incompetence to absorb white light. It cannot, for 
esample, absorb the luminous rays of the sun, though 
it can absorb the non-lumiuous rays of the earth. This 
incompetence of aqueous vapour to absorb luminous 
rays is shared by water and ice — in fact, by all really 
transparent substances. Their transparency is due 
to Iheir inabihty to absorb luminous rays. The mole- 
cules of such subatanfces are in dissonance with the 
luminous waves, and hence such waves pass through 
transparent substances without disturbing the molecular 
rest. A purely luminous beam, however intense may be 
ita heat, is sensibly incompetent to melt the smallest 
particle of ice. We can, for example, couvei^e a powerful 
luminous beam upon a surface covered with hoar frost 
witliout melting a tingle spicula of tlie ice crystals. How 
then, it may be asked, are the snows of the Alps swept 
away by the sunshine of summer ? I answer they are not 
swept away by sunshine at all, but by solar rays which 
have no sunshine whatever in them. The luminous rays 
of the sun fall upon the snow-fields and are flashed in 
echoes from crystal to crystal, but they find next to no 
lodgment within the crystals. They ai-e hardly at all 
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absorbed, and hence they cannot produce fusion. Butl|^| 
l)ody of powerful dark rap is emitted by the sun, and iti^H 
these rays that cause the glaciers to shrink aad ihe siioii|^| 
to disappear ; it is they that fill the banks of the An^| 
and Arveyron, and liberate from their frozen captivi^H 
the Rhone and the Ehine. 1 

Placing a concave silvered mirror behind the eleclric I 
light I converge its rays to a focus of dazzling brilliancy. I 
I place in the path of the rays, between the light and die I 
focus, a vessel of water, and now introduce at the focus ■ ■ 
piece of ice. The ice is not melted by the concentratadH 
beam which has passed through the water, tboug^| 
matches are ignited at the focus and wood is set on fii^H 
The powerful heat then of this luminous beam is iDconcH 
petent to melt the ice. I withdraw the cell of water ; tlifl 
ice immediately hquefies, and you see the water trickliiidH 
from it in drops. I re-introduce the cell of water ; tlufl 
fusion ia arrested and the drops cease to fall. The trans- 
parent water of the cell exerts no sensible absorption on 
the luminous rays, still it withdraws sometliing from tlie 
beam, which, when permitted to act, is competent to melt 
the ice. Tliis something is the dark radiation of the 
electric light. Again, I place a slab of pure ice in front 
of the electric lamp ; send a luminous beam first throiig!i 
our cell of water and then through the ice. By means of 
a lens an image of the slab is cast upon a white screen. 
The beam, sifted by the water, has no power upon the 
ice. But observe what occurs when the water is removed ; 
we have here a star and there a star, each star resembling 
a flower of sis petals, and growing visibly larger before 
our eyes. As the leaves enlarge their edges become ser- 
rated, but there is no deviation from the sis-rayed tyj 
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e have liere, in fact, the crystallisation of the ice inverted 
by the invisible rays of the electric beam. They take the 
molecules down in this wonderful way, and reveal to na 
the exquisite atomic structure of the substance with which 
nature every winter roofs our ponds and lakes. 

Numberless effects, apparently anomalous, might be 
adduced in illustration of the action of these lightlcss 
r^ys. Here, for example, are two powders, both white, 
and undistinguishable from each other by the eye. The 
luminous rays of the lamp are unabsorbed by both 
Jwwders, — from those rays they acquire no heat ; still one 
of the sul)stances, sugar, is heated so highly by tlie concen- 
trated beam of the electric lamp that it first smokes vio- 
lently and then inflames, while the other substance, salt, is 
barely warmed at the focus. Here, again, are two per- 
fectly transparent liquids placed in a test tube at the 
focus ; one of them boils in a couple of seconds, while the 
other in a similar position is hardly warmed. The boiling 
point of the first liquid is 78° C, which is speedily reached ; 
that of the second liquid is only 48° C, wliich is never 
reached at all. These anomalies are entirely due to the 
unseen element which mingles with the luminous rays of 
the electric beam, and indeed constitutes 90 per cent, of 
its calorific power. 

I have here a substance by whicli these dark rays may 
be detached from the total emission of the electric laui| 
This ray-filter is a black liquid — that is to say, black as 
pitch to the luminous, but bright aa a diamond to the 
non-luminous radiation. It mercilessly cuts off the former, 
but allows the latter free transmission. I bring tliese in- 
visible rays to a focus at a distance of several feet from 
the electric lamp ; the dark rays form there an invisible 
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image of the source from which they isaue. By proper 
means this invisible image may be transformed into a 
visible one of dazzling brightness. I could, moreover, 
show you, if time permitted, how out of those perfectly 
dark rays we might extract, by a process of transmuta- 
tion, all the colours of the solar spectrmn. I could also 
prove to you that those rays, powerful as they are, and 
aufhcient to fuse many metals, may be permitted to enter 
the eye and to break upon the retina without producing 
the least luminous impression. 

The dark rays are now collected before you ; you see 
nothing at tlieir place of convergence; with a proper 
thermometer it could be proved that even the air at the 
focus is juet as cold as the surrounding air. And mark 
the conclusion to which this leads. It proves the (Btlier at 
the focus to be practicaUy detached from the air, — that 
the most violent ajthereal motion may there exist wiUiout 
the least aerial motion. But tliough you see it not, there 
is sufficient heat at that focus to set London on fire. Tlie 
heat there at tlie present moment is competent to raise 
iron to a temperature at which it throws off brilliant scin- 
tillations. It can heat platinum to whiteness and almost 
fuze that refractory metal. It actually can fuse gold, 
silver, copper, and aluminium. The moment, moreover, 
that wood is placed at tlie focus it bursts into a blaze. 

It has been already affirmed that whether as regards 
radiation or absorption the elementary atoms possess but 
little power. This might be illustrated by a long array 
of facts ; and one of the most singular of these is furnished 
by the deportment of that extremely combustible 9ul> 
stance, phosphorus, when placed at this dark focus. It is 
impossible to ignite there a fragment of amorjihous pliu!>- 
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Iftorufl. But ordinary phosphorus is a far quicker com- 
"bttedble, and its deportment to radiant heat is still more 
Unpressive. It may be exposed to the intense radiation 
yrf an ordinary fire without bursting into flame. It may 
llso be exposed for twenty or tliirty seconds at an obscure 
fticus of sufficient power to raise platinum to a white 
heat, witliout iguition. Notwithstanding the energy of 
the ajthereal waves here concentrated, notwithstanding the 
extremely inflammable character of the eleraentaiy body 
exposed to their action, the atoms of that body refuse to 
partake of the motion of the waves, and consequently 
cannot be powerfiiUy affected by their heat. 

The knowledge which we now possess will enable us to 
analyse with profit a practical question. Wliite dresses 
are worn in summer because they are found to be 
cooler than dark ones. The celebrated Benjamin Frank- 
lin made the following experiment : — He placed bits of 
clotli of varioufl colours upon snow, exposed them to 
direct sunshine, and found that tiiey sank to different 
depths in the snow. The black cloth sank the deepest, 
the white did not sink at all. Franklin inferred from \m 
experiment that black bodies are tlie best absorbers, and 
white ones the worst absorbers, of radiant heat. Let ua 
test the generality of this conclusion. I have here two 
cards, one of which is coated witli a very dark powder, 
and the other with a perfectly white one. I place the 
powdered surfaces before the fire, and leave them there 
until they have acquired as high a temperature as they 
can attain in this position. Which of the cards is most 
highly heated ? It requires no thermometer to answer 
this question ? Simply pressing the back of the card, on 
which the wliiu? powder is strewn, against my cheek or 
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cf tkn SB^If is tte ookxir gives m intel- 
l^gBce of <mij one portim, and ti«t die sniaUest oae, of 
tte ^93 ia^iB^Dg oa tbe cokmicd bodj. Were the 
twjs iM ^^mom «« n^tf «^ oertam^ infer fix>m the 
ealov of m body ib powa* of afaeoqmoo ; bat the great 
wmBB of Ac radwitirM bam our fire, our gas-flame, and 
cnvB ham Ae mm kselC coogirta of invisible calorific rays, 
■ y | »n i i|ui( i' vbidi ooloar teaches us nothing. A bodj 
mmj be ia^bif tnmsparent to one class of rap, and 
h^ily (^laqne to the other class. Thus the white 
poirder, which has shown itself so powerful an absorber, 
has been specially selected on account of its extreme 
perviouaness to the visible rays, and its extreme im- 
perviousQess to the invisible ones ; while the dark 
powder was chosen on account of its extreme trans- 
parency to the invisible, and its extreme opacity to the 
sible rays. In the case of the radiation from our fire, 
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about 98 per cent, of tlie whole emission consists of 
invisible rays; the body, therefore, which was most 
opaque to these triumphed aa an absorber, though that 
body was a white one. 

I would here iii\ite you to consider the manner in 
which we obtain from natui-al facts what may be called 
their intellectual value. Throughout the processes of 
nature there is interdependence and harmony, and the 
main value of our science, considered as a mental dis- 
dpline, consists in the tracing of this interdependence and 
the demonstration of this harmony. The outward and 
visible phenomena are mth us the counters of the intel- 
I Ject ; and our science would not be worthy of its name 
\ and fame if it halted at facts, however practically useful, 
and neglected the laws which accompany and rule phe- 
nomena. Let ua endeavour, then, to extract from the 
' experiment of Franklin its full intellectual value, calling 



to our aid the knowledge which our predecessors have 

B already stored. Let us imagine two pieces of cloth of 

\ the same texture, the one black and the other white, 

\ placed upon sunned snow. Fixing our attention on the 

\ white piece, let us enquire whether there is any reason 

J to expect that it will sink into the snow at all. There is 

jj knowledge at hand which enables ua to reply at once in 

' the negative. There is, on the contrary, reason to 

' expect that after a sufficient exposure the bit of cloth will 

,■ be found on an eminence instead of in a hollow ; that 

\ instead of a depression, we shall have a relative elevation 

of the bit of cloth. For, as regards the luminous rays of 

the sun, the cloth and the snow are alike powerless ; the 

one cannot be warmed, nor the other melted, by such 

rays. The cloth is white and the snow is white, because 
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their confusedly mingled particles and Bbres are incom- 
petent to absorb luminous rays. Whether, then, the 
cloth will sink or not depends entirely upMi the dark 
rays of the sun. Now the substance which absorbs 
the dark rays of the sun with the greatest avidity is ice, 
— or snow, which is merely ice in powder. A lea 
amount of heat will be lodged in the cloth than in the 
surrounding snow. Tlie cloth must therefore act as a 
shield to the snow on which it rests; and in consequence 
of the more rapid fusion of the exposed snow, the cloth 
must in due time be left behind, perched upon an emi- 
nence like a glacier-table. 

But though the snow transcends the cloth both as a 
radiator and absorber it does not much transcend it. 
Cloth is very powerful in both these respects. Let us 
now turn our attention to the piece of black cloth, the 
texture and fabric of which I assume to be the same 
as that of the white. For our object being to compare 
the effects of colour, we must, in order to study tlm 
effect in its purity, preserve all other conditions constant. 
Let us then suppose the black cloth to be obtained from 
the dyeing of the white. The cloth itself, without refer- 
ence to the dye, is nearly as good an absorber of heat as 
the snow around it. But to the absorption of the dark 
solar rays by the undyed cloth is now added the absorp- 
tion of the whole of the luminous rays, and this great 
additional influx of heat is far more than sufficient to turn 
the balance in favour of the black cloth. The sum of its 
actions on the dark and luminous rays exceeds the action 
of the snow on the dark rays alone. Hence the cloth 
will sink in the snow, and this is the philosophy of 
Franklin's experiment. ,^^ 




RASIAXT HEAT AAS ITS nELATIOXS. 239 

Throughout this discourse the main stress has been 
laid on chemical constitution, as inBuencing most power- 
fully the phenomena of radiation and absorption. With 
regard to gases, vapours, and to the liquids from which 
these vapours are derived, it has been proved by the 
most varied and conclusive experiments that the acts of 
radiation and absorption are molecitlar — tliat tlicy de- 
pend upon chemical and not upon mechanical con- 
dition. In attempting to extend this principle to solids 
I was met by a multitude of facts obtainal by celebrated 
experimenters, which seemed flatly to forbid such esten- 
sion. Melloni, for example, found the same radiant and 
absorbent power for chalk and lampblack. MM. Masson 
and Court^p^e performed a most elaborate scries of 
experiments on chemical precipitates of various kinds, 
and found that tliey one and all manifested the same 
power of radiation. They concluded from their re- 
searches, that where bodies are reduced to au extremely 
fine state of division the influence of tliis state is so 
powerful as entirely to mask and override whatever 
influence may be due to chemical constitution. 

But it appears to me that through the whole of these 
researches a serious oversight has run, the mere mention 
of which will show you what caution is essential in the 
operations of experimental philosophy. Let me state 
wherein I suppose this oversight to consist. I have here 
a. metal cube with two of its sides brightly pohshed. I 
fill the cube with boiling water and determine the quan- 
tity of heat emitted by the two bright surfaces. One of 
ihem far transcends the other as a radiator of heat. 
Both surfaces appear to be metallic; what then is the 
cause of the observed difforonCG in their radiative power? 
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Simply this: I have coated one of the surfaces with 
transparent gum, through which, of course, is seen the 
metallic lustre behind. Now this vamJsh, though so 
perfectly transparent to luminous rays, is as opaque as 
pitch or lampblack to non-luminous ones. It is a 
powerful emitter of dark rays ; it is also a powerful 
absorber. While, therefore, at the present moment it 
is copiously pouring forth radiant heat itself, it does not 
allow a single ray from the metal behind to pass through 
it. The varnish then, and not the metal, is the real radiator. 

Now Melloni, and Maason, and Courtepfe experimented 
thus : they mixed their powders and precipitates with 
gum-water, and laid them by means of a brush upon the 
siu-faces of a cube like this. True they saw then* red 
powders red, their white ones white, and their black ones 
black, but they saw these colours through the coat of 
vnnmh v^Mch encircled every particle of their powders. 
When, therefore, it was concluded that colour had no 
influence on radiation, no chance had been given to it of 
asserting its influence ; when it was found that all chemical 
precipitates radiated ahke, it was the radiation from a 
vamisli common to them all which showed the observed 
constancy. Hundreds, perhaps thousands, of experiments 
ou radiant heat have been performed in this way by 
various enquirers, but I fear the work will have to be 
done over again. I am not, indeed, acquamted with an 
instance in which an oversight of so trivial a character 
has been committed in succession by so many able men, 
and vitiated so large an amount of otherwise excellent 
work. 

Basing our reasonings then on demonstrated facts, we 
arrive at the extremely probable conclusion that the 
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enTelope of the particles, and not the particles themselves, 
was the real radiator in the experiments just referred to. 
To reason thus, and deduce their more or less probable 
consequences from experimental facts, is an incessant 
exercise of the student of physical science. But having 
thus followed for a time the light of reason alone through 
a series of phenomena, and emerged from them with 
a purely intellectual conclusion, our duty is to bring that 
conclusion to an experimental test. In this way we fortify 
our science, sparing no pains, shirking no toil to secure 
sound materials for the edii&ce which it is our privilege to 
raise. 

For the piupose of testing our conclusion regarding 
the influence of the gum I take two powders of the 
same physical appearance; one of them is a com- 
pound of mercury and the other a compound of lead. 
On two surfaces of this cube are spread these bright red 
powders without varnish of any kind. Filling the cube 
with boiling water, and determining the radiation from 
the two surfeces, one of them is found to emit thirty-nine 
rays, while the other emits seventy-four. This, surely, is 
a great difference. Here, however, is a second cube, 
having two of its surfaces coated with the same powders, 
the only difference being that now the powders are laid 
on by means of a transparent gum. Both surfaces are 
now absolutely alike in radiative power. Both of them 
emit somewhat more than was emitted by either of the 
unvarnished powders, simply because the gum employed 
is a better radiator than either of them. Excluding all 
varnish, and comparing white with white, I find vast 
differences ; comparing black with black I find them also 
different; and when black and white are compared, in 

R 
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Bome cases the black radiates far more than the white, 
while in other cases the wliite radiates far more than 
the black. Deterraining, moreover, the absorptive power of 
those powders, it is found to go hand-in-hand with their 
radiative power. The good radiator is a good absorber, 
and the bad radiator is a bad absorber. From all this it 
is evident that as regards the radiation and absorption of 
non-luminous heat, colour teaches us nothing ; and that 
even as regards the radiation of the sun, consisting as it 
doee mainly of non-luminous rays, conclusions as to the 
influence of colour may be altogether delusive. This is 
the strict scientific upshot of our researches. But it is 
not the less true that in the case of wearing apparel — and 
this for reasons which I have given in analysing the ex- 
periment of Franklin — black dresses are more potent 
than white ones aa absorbers of solar heat. 

Thus, in brief outline, I have brought before you a few 
of the results of recent enquiry. If you ask me what is 
the use of them, I can hardly answer you, unless you 
define tlie term use. If you meant to ask me whether 
those dark rays which clear away the Alpine snows will 
ever be apphed to the roasting of turkeys or the driving 
of steam-engines, while affirming their power to do both, 
I would firankly confess that they are not at present 
capable of competing profitably witli coal in these par- 
ticulars. Still they may have great uses unknown to 
me ; and when our coal-fields are exhausted, it is possible 
that a more sBthereal race than ourselves may cook their 
victuals and perform their work in this transcendental way. 
But is it necessary that the student of science should have 
his labours tested by their possible practical applications? 
What is the practical value of Homer's Iliad? You 
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smile, and possibly think that Homer's Iliad is good as a 
means of culture. There's the rub. The people wlio 
demand of science practical uses, foq^et, or do not know, 
that it also is great as a means of culture ; that the know- 
ledge of this wonderful miiverse is a tiling profitable in 
itself, and requiring no practical appUcation to justify its 
pursuit. But while the student of nature distinctly refuses 
to have his labours judged by their practical issues, imless 
the term practical be made to include mental as well as 
material good, he knows fiJl well that the greatest prac- 
tical triumphs have been episodes in the search after pure 
natural truth. The electric telegraph is the standing 
wonder of this age, and the men whose scientific know- 
ledge and mechanical skill have made the telegraph what 
it J3 are deserving of all honour. In fact, they have their 
reward, both in reputation and in those more substantial 
benefits which the direct service of the pubUc always 
carries in its train. But wlio, I would ask, put the soul 
into this telegraphic body ? Who snatched from heaven 
the fire tliat flashes along the Une ? This, I am bound to 
Bay, was done by two men, the one a dweller in Italy,' 
the other a dweller in England, and therefore not a 
thousand miles distant from the spot where I now stand,^ 
who never in their enquiries consciously set a practical 
object before them, — whose only stimulus was the fiisci- 
nation which draws the chmber to a never-trodden peak, 
and would have made Cffisar quit his victories to seek the 
sources of the NUe. That the knowledge brought us by 
those prophets, priests, and kings of science is what the 
world calls useful knowledge, the triumphant appHcatioa 
of their discoveries proves. But science has another 
' Voltft. ' Faraday. 
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findicB to (iilfil, in tbe storing and the training of the 
ImiBWi mind ; and I would tmat mj ^peal to you on tbe 
poor Bpeomai wludb hw beai brought before you ttui 
enBSOgi iriKfther maj syatan oX education at the present 
di^ on be deemed even approximately complete i 
wludi tbe knoiriedge of nature is neglected or ignored 
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of a polariocope, conflistiug of a toiinualinc plate, with a slice of 
\'fial or mtre, cut at right angles to the opIJc axis, nnd applied on 

the tourmaline farthest from the eye. In a cloudle«a day, if the 
ilored in all parte by looking through this compound plate, the 
■ings will be seen developed with more or leas intensity in every 

that nearest the sun and that most distant from it— the maximum 
ilion taking place on a zone of the sky 80° from the sun, or 
. dide. Laving the sun for one of its polee, bo that the cause of 
n ifl evidently a reflection of tlie sun's Kght on totruiMng. The 
s, on wbfttP Were the angle of marimum polarisation 7(J°,wo 
k to water or ice for the TeSecting body. But though we were 
Ilia opinion (art. Light, mKyd. Metrt^. S 1143), careful ob- 
hns 6ati»aed ua that 00°, or thereabouts, U ;the correct angle, 
tlierefore, whatever be the body on which the light has been 

idox of re&action, which la the tangent of that angle, unity; in 
Ia, the refiection would require to be made m air upon air I Tho 
Loahlo way in which this could happen would be at the plane of 
t\?o portions of air differently beate4, such as mighl be supposed 

is there aeema to he an insuperable objection. The polarisation ia 



ON CBEMIOAL BAYS ANT) TEE STRUOTtrEE 
AND LIGHT OF TSB 8KT. 

Thb first physical investigation of any importance in 
which, jointly with my friend Professor Knoblauch, I 
took part, bore the title, ' The Magneto-optic Properties 
of Crystals, and the Relation of Magnetism and Diamag- 
netism to Molecular Arrangement,'' This investigation 
compelled me to reflect upon the structure of crystala, 
on their optical properties in relation to that structure, 
and more particularly on the striking phenomena ex- 
liibited by many of them in the field of a sufficiently 
powerful magnet. These were evidently due to the 
xnauner in which the molecules of the crystals were built 
together by the force of crystallisation ; and it was 
jiatural, if not necessary for me, to employ such strength 
of imagination as I possessed in obtaining a mental picture 
of this molecular architecture. The enquiry gave a tinge 
«Dd bias to my subsequent scientific thought, rendering, 
«s it did, the conceptions and pursuit of molecular physics 
3)leasaQt to me. Its infiuence is to be traced in most of 
Tuy scientific work. The first lecture, for example, which 
1 ever delivered in this tlieatre, was * On the Infiuence of 
lilaterial A^regation on the Manifestations of Porce ;' by 
material aggregation ' being meant the way in which, 

' rAiloK-phkal M(uj,at«e, July, 1850. 
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by nature or by art, the molecules of matter are arrauged 
together. In 1853 1 also published a paper ' On Mo- 
lecular Influences,' in which common heat was made the 
explorer of organic structure. In the 'Bakerian Lecture,' 
given before the Royal Society in 1855, the same idea 
and pluaseology crop out. The Bakerian Lecture for 
1864 Wars the title 'Contributions to Molecidar Physics.' 
Aud all through tlie investigations which have occupied 
me dviring the last ten years, my wish and aim have been 
to make radiant heat an instrument by which to lay hold 
of tJic ultimate pai-tieles of matter. 

The lalxjurs now to be considered Ue in the same 
direction. In the researches just referred to, tubes of 
glass and brass were employed, called, for the sake of 
disUnctiou, * experimental tulies,' in which radiant heat 
was acted upon by the gases and vapoui-s subjected to 
cxauiinalion. Two or three months ago, w^th a view 
of seeing what occurred within these tubes on tbe 
entrance of the gases or vapours, it was foimd necessary 
to intensely illuminate their interiors. The source of 
illumination chosen was the electric light, the beam of 
which, converged by a suitable lens, was sent along the 
axis of the tube. The dirt and filth in which we habitu- 
ally live were strikingly revealed by this method of illu- 
mination. For, wash the tube as we might with water, 
alcohol, acid, or alkali, until its appearance in ordinary 
daylight was that of absolute purity, the delusive cha- 
racter of this appearance was in most cases revealed by" 
the electric beam. In fact, in air bo charged with sus- 
pended matter as that which supplies our lungs in 
Jjondon, it is not possible to be more than approxi- 
mately cleanly. 
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Vapours of various kinds were sent into a glass experi- 
mental tube a yard in length, and about three inches in 
diameter. As a general rule, the vapours were perfectly 
transparent ; the tube when they were present appearing 
as empty as when they were absent. In two or three 
cases, however, a faint cloudiness showed itself within the 
tube. This caused me a momentary anxiety, for I did 
not know how far, in describing my previous experiments, 
actions might have been ascribed to pure cloudless vapour 
which were really due to those newly-observed nebulas. 
Intermittent discomfort, however, is the normal feeling of 
the investigator ; for it drives him to closer scrutiny, to 
greater accuracy, and often, as a consequence, to new 
discovery. It was soon found that the nebulae revealed 
by the beam were also generated by the beam, and the 
observation opened a new door into that region inac- 
cessible to sense, which embraces so much of the intellec- 
tual life of the physical investigator. 

What are those vapours of which we have been speak- 
ing ? They are aggregates of molecules, or small masses 
of matter, and every molecule is itself an aggregate of 
smaller parts called atoms. A molecule of aqueous 
vapour, for example, consists of two atoms of hydrogen 
and one of oxygen. A molecule of ammonia consists of 
three atoms of hydrogen and one of nitrogen, and so of 
other substances. Thus the molecules, themselves incon- 
ceivably small, are made up of distinct parts still smaller. 
When, therefore, a compound vapour is spoken of, the 
corresponding mental image is an aggregate of molecules 
separated from each other, though still exceedingly near, 
each of these being composed of a group of atoms still 
nearer to each other. So much for the matter which 
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BR into our omceptioD of a vapotir.* To this must 
r be added the idea of motion. The molecules have 
I of their own ss trkoles ; their constituent atoms 
I of their own, which are executed 
of those of the molecules; jiist aa the 
Tsrious movements of the earth's surface are executed 
indepeodmtly of the (wtwtal revolution of our planet. 

IW vapour molecules are kept asunder by forces which, 
Tntwdlj' or actuaUT, are forces of repulsion. Between 
tlMn fh'rir forces and the atmoepheric pressure under 
wUdi Am vapoiff exists, «quihbrium is established as soon 
«s the proper distanees between the molecules have been 
aOBMaed. If. after this, the molecules be ui^ed neai-er to 
mA other by a momeotary force, they recoil aa soon as 
ths force is expended. If they be separated more widely 
apaci, whea the separating ibroe ceases to act they again 
approach cadi other. The case is different as regards 
the coDstituent atoms. 

And here let it be remarked, that we are now upon the 
veiy outmoe$t vei^ of molecular physics ; and that I am 
attempting to bmiliarise your minds with conceptions 
which have not yet obtained universal ciuxency even 
among chemists ; which many chemists, moreover, might 
deem unt^Hiable. But, tenable or untenable, it is of the 
highest scientific importance to discuss them. Let ua, 
then, look mentally at our atoms grouped together to 
form a molecule. Every atom is held apart from its 
neighbours by a force of repuMon ; why, then, do not 



> Newton M<«med to conaidei that the moleculea might he rendered viaibls 
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the mutually repellent members of thia group part 
company? The molecules separate from each other 
when the external pressure ia lessened or removed, but 
the atoms do not. The reason of this stability is that two 
forces, the one attractive and the other repulsive, are in 
operation between every two atoms ; and the position of 
every atom — its distance from its fellows — is determined 
by the equilibration of these two forces. If the atoms 
come too near, repulsion predominates and drives them 
apart ; if too distant, attraction predominates and draws 
them together. The point at which attraction and re- 
pulsion are equal to each other is the atom's position of 
equilibrium. If not absolutely cold— and there ia no such 
thing as absolute coldness in our corner of nature — the 
atoms are always in a state of vibration, their vibrations 
being executed to and fro across their positions of equi- 
librium. 

Into a vapour thus constituted, we have now to pour a 
beam of light ; which most of you know to be a train of 
minute waves, excited in, and propagated through, an 
almost infinitely attenuated and elastic medium, which 
fills all space, and which we name the ^tlicr. It ia 
hardly necessary to remind you that these waves of light 
are not all of the same size ; that some of them are much 
longer and higher than others; that the short waves and 
the long ones move with the same rapidity tlirough space, 
just as short and long waves of sound travel with the 
same rapidity through air, and that, therefore, the 
shorter waves must follow each other in quicker succes- 
sion than the longer ones ; that the different rapidities 
with which the waves of hglit impinge upon the retina, or 
optic nerve, give rise in consciousness to differences of 
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aie. moicaver, numDeneaB waves 
hw the Sim and odia hunmoos bodies whidi 
nacb the mma. but wfaidi are inomipetaiit to excite 
At ^i'^^t^T* of fight ; Ibr if the leii^ths of the waves 
exceed aceitain Emit^orif they fidl diort of aoertain 
caber fimh* ther caimoc genoile vision. And it is to be 
psmcnbrir bone in mind, that the ci^iacity to exdte 
vson doe not depend so moch on the strength of the 

Lires ;as on their pariods of recuirence. I have, as 
IT of Tvn know, pennitted waves to enter my owb 
«;«. which, if their energy were that of light, would have 
iietanthr and mterly mined the optic nerve, but which 
&ikd to produce any impreasioo whatever upon con- 
jcioiHiessw because their periods were not those com- 
penait to excite the retina. 

The dements of all the ccxiccptions with which we 
diall have subsequentlv to deal are now in your possesGdon. 
And jXHi wiU observe that though we are speaking of 
;h;ag5 which lie entirely beyond the range of tlie senses, 
the cvHivvptions are a? truly mechanical as they would be 
if wo weiv dealing with ordinaiy masses of matter, and 
with waves of sensible magnitude. Xo really scientific 
mind at the present day will be disposed to draw a sub- 
stantial distinction l^tween chemical and mechanical phe- 
nomena. They differ fix)m each other as r^ards the 
nuignitude of the masses involved ; but in this sense the 
phenomena of astronomy differ, also, fix>m those of ordi- 
muT mechanics. The main bent of the natural philosophy 
of a future age will probably be to chasten into order, by 
subjecting it to mechanical laws, the existing chaos of 
chemical phenomena. 

Whether we see rightly or wrongly — whether our in- 
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tellection be real or imaginary — it is of the utmost im- 
portance in science to aim at perfect cleamesa in the 
jlescription of all that comes, or seems to come, within 
the range of the intellect. For if we are right, clearness 
of utterance forwards the cause of right ; while, if we are 
wrong, it ensures the speedy coiTection of error. In this 
spirit, and with the determination at all events to speak 
plainly, let us deal with our conceptions of aither waves 
and molecules. Supposing a wave, or a train of waves, 
to impinge upon a molecule so as to urge all its parts 
with the same motion, the molecule would move bodily 
as a whole, but because they are animated by a common 
motion there would be no tendency of its constituent 
atoms to separate from each other. Differential motions 
among the atoms themselves would be necessary to effect 
a separation, and if such motions be not introduced by 
the shock of the waves, there is no mechanical ground for 
the decomposition of the molecule. 

Thus the conception of the decomposition of compound 
molecules by the waves of rether comes to us recom- 
mended by a priori probability. But a closer examina- 
tion of the question compels us to supplement, if not 
materially to qualify, this conception. It ia a most 
remarkable fact, that the waves which have thus far been 
found most effectual in shaking asunder the atoms of 
compound molecules are those of least mechanical power. 
Billows, to use a strong comparison, are incompetent to 
produce effects which are readily produced by ripples. 
It ia, for example, the violet and ultra-violet rays of the 
sun that are most effectual in producing tliese chemical 
decompositions ; and, compared with the red and ultra- 
red solar rays, the energy of these ' chemical rays ' ia 
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Umaiagy wooU pfobaUj in some c 
hne to be iJHpfird by mirfiom to bong it np to that 
«f Ae iribft^nd i^s: sod still the latter are powerten 
■huL the ^idB" mra ne potent. We bere obsenre a 
B mmDantj between the beha'noar of cheotical 
I mad diat at the Imnisn retina. The eoeigj 
I to the cje from a caDdle-Bamc half a mole 




I ot a difcffTiii period, poasesai^ tmn^ 
t tines tfn eneigj-, have been snfTned lo 
ni|iiip ■P" T *"■ nttna. with an abeohite unocm- 
1 of aay elect whatevo* — mechaiucal, phjsio- 
[.ortbennaL 

S^ dtoB. ifae power cf tbtac aMUa waves to ud- 
bek Ae bondi of dKoaical onion be not a resolt 
of Aeir Jtwgth, it must be, as in the case of vision, 
« nrsail of their paiods of recorrence. But how arc 
«« to Sgmt Uns actioa? Tbe afao^ of a single wave 

an infinitPHiiiMl effect upon 
To produce a larger effect, 
tbft innrtrm Btet acnnnolate, and for ware-impulses to 
■ooondMet they moat arrive in periods ideoticat with 
^ period of ribrasioo of the atoms on which they 
nqange. la this case each anooessive wave Gads the 
atom m a poaalMNi vludi enables that wave to add ita 
Aadk to the aom of the diodes of its predecessors. The 
Qftck b medianicallj the ame as that due to the timed 
impulwe of a boy upon a swing. The angle tick of a 
clo)^ has uo appreciable effect upon the unvibratiiig and 
equally long pendulum of a distant clock ; but a succes- 
«k»n of ik-ks, each of which adds, at the proper moment, 
luiteaimal push to the sum of the pusl 



CHEMICAL SATS. 



it, will, 03 a matter of fact, set the second clock going. 
So likewise a single puff of air against the prong of a 
heavy tuning-fork produces no sensible motion, and, con- 
sequently, no audible sound ; but a succession of puffs, 
which follow each other in periods identical with the 
tuning-fork's period of vibration, will render the fork 
sonorous. I think the chemical action of light is to be 
regarded in tliis way. Fact and reason point to the con- 
dusion that it is the heaping up of motion on the atoms, 
in consequence of their synchronism with the shorter 
waves, that causes them to part company. Tliis I take 
to be the mechanical cause of these decompositions which 
are effected by the waves of Eether. 

And now let us return to that faint cloudiness already 
mentioned, from which, as from a germ, these considera- 
tjona and speculations have sprung. It has been long 
known that light effected the decomposition of a certain 
number of bodies. The transparent iodide of etiiyl, or of 
methyl, for example, becomes bro^vn and opaque on 
exposure to Ught, through the discharge of ita iodine. 
The art of photography is founded on the chemical 
actions of hgbt ; so that it is well known that the effects 
for which the foregoing theoretic considerations would 
have prepared us, are not only probable, but actual. 

But the method employed in the experiments in which 
the cloudiness above referred to was observed, and which 
conaiats simply in offermg the vapours of volatile sub- 
Btancea to tlie action of light, enables ue not only to give 
such experiments a beautiful form, but also to give a 
great extension to the operations of light, or rallier of 
radiant force, as a chemical agent. It also enables us to 
illustrate in our laboratories actions which liave been 
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hitherto performed only in tlie laboratory of nature. " 
few of these actions of a representative character will 
now be brought before you ; and advantage will be taken 
of the fact that, in a great number of cases, one or more 
of the substances into which the waves of light break up 
compound molecules are comparatively involatile. The 
products of decomposition require a greater heat than is 
required by the vapours from which they are derived to 
keep them in the gaseous form ; and hence, if the space 
in which these new bodies are liberated be of the proper 
temperature, they will not remain in the vaporous con- 
dition, but will precipitate themselves as hquid particles, 
thus forming visible clouds upon the beam, to the action 
of which they owe their existence. 

The little flask, F, in the annexed figure is stopped 
by a cork, pierced in two places. Through one orifice 
passes a narrow glass tube, a, which terminates imme- 
diately under the cork ; through the otlier orifice passes 
a similar tube, h, descending to the bottom of the little 
flask, which is filled to a height of about an inch with a 
transparent hquid. The name of this liquid is nitrite of 
amyl, in every molecule of which we have 5 atoms of 
carbon, 11 of hydrogen, 1 of nitrogen, and 2 of oxygen. 
Upon this group the waves of our electric light will be 
immediately let loose. The large horizontal tube that 
you see before you is called an ' experimental tube ; ' it is 
connected with our small flask ; between them, however, 
a stop-cock intervenes, by means of which the passage 
between the flask and the experimental tube can be 
opened or closed at pleasure. The other tube, passing 
through the cork of the flask and descending into the 
liquid, ia connected with a U-shaped vessel, filled with 
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fragments of clean glass, covered with sulphuric acid. 
Id front of the U-shaped vessel is a narrow tube stuffed 
with cotton- wool. At one end of the experimental tube is 
our electric lamp ; and here, finally, 
is an air-pump, by means of which 
the tube has been exhausted. We 
are now ready for experiment. 

Opening the cock cautiously, the 
air of the room passes, in the first 
place, through the cotton-wool, 
which holds back the numberless 
oi^nic germs and inorganic diutt- 
particles floating in the atmosphere. 
The air, thus cleansed, passes into 
the U-shaped vessel, where it is 
dried by the sulphuric acid. It 
then descends through the narrow 
tube to the bottom of the little flask, 
and escapes there through a small 
orifice into the liquid. Through 
this it bubbles, loading itself to 
some extent with the nitrite of 
amyl vapour, and then the air and vapour enter the 
experimental tube together. 

The closest scrutiny would now fail to discover any- 
thing within this tube ; it is, to all nppcarancc, absolutely 
empty The air and the vapour are both invisible. We 
will permit the electric beam to play upon this mixture. 
The lens of the lamp is so situated as to render the beam 
slightly convergent, the focus being formed in the vapour 
at about the middle of the tube. You wUl notice that 
the tube remains dark for a moment after the turning on 
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cam ; but the chemical action will be ao rapid 
;iitioa ia requisite to mark this interval of dark- 
ignite the lamp ; the tube for a moment seema 
but sixddenly the beam darta through a luminous 
oud, which has banislied the preceding darkness. 
n fact, shaken asunder the molecules of the nitrite 
, and brought down upon itself a shower of liquid 
i which cause it to flash forth in your presence 
lohd luminous spear. It is worth while to mark 
is experiment illustrates the fact, that however 
a luminous beam may be, it remains invisible 
t has something to shine upon. Space, though 
d by the rays from all suns and all stars, is itself 
Not even the lether which fills apace, and 
motions are the light of the universe, is itself 

QOtice that the end of the experimental tube most 
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influence o^ period, as contrasted with that oistremjlk. Fur 
the portion of the beam which is here ineffectual has 
probably more tlian a million times the absolute energy 
of the eOectunl portion. It is energy specially rc-lated to 
the atoms that we here need, which apecially related 
energy being possessed by the feeble waves, invests them 
with their extraordinary power. When the experimental 
tube IB reversed so as to bring the undecomposed vapours 
■under the action of the unsifted beam, you have instantly 
this fine luminous cloud precipitated. 

The light of the sun also effects the decomposition of 
iJie nitrite of amyl vapour. A smdl room in the Royal 
Institution, into wliich the sun shone, was partially 
darkened, the light being permitted to enter through an 
open portion of the window-shutler. In the track of the 
beam was placed a large plano-convex lens, which formed 
a fine convergent cone in the dust of the room behind it. 
The experimental tube was filled in the laboratory, 
covered with a black cloth, and carried into the partially 
darkened room. On thrusting one end of the tube into 
the cone of rays behind the lens, precipitation within the 
cone was copious and immediate. The vapour at the 
distant end of the tube was shielded by that in front ; 
but on revei'sing the tube, a second and similar splendid 
cone was precipitatcfl. 

Now let us pause for a moment and glance at the 
ground over which we have passed. We have defined a 
vapour as an aggregate of molecules nmtually repellent, 
but hindered from indefinitely retreating from each other 
hj an external pressure, We liave defined a molecule as 
an abrogate of atoms maintaiaed in positions of equi- 
librium by the equalised action of two opposing forces, 



260 FRA0MENT8 OF 8CIEKC& 

and always oscillating to and fro across those positions. 
We have defined a beam of light as a train of innumerable 
waves, and have illustrated their chemical action. We 
have learned that it is not the magnitude or power of 
the waves, so much as their periods of recurr^ice, that 
renders them effectual as chemical agents. We have 
also seen how the luminous beam is sifted by the vapour 
which it decomposes, and deprived of those rays which 
are competent to effect the decomposition. The effects, 
moreover, obtained with the electric beam are also pro- 
duced by the beams of the sun. 

And here I would ask you to make familiar to your 
minds the idea that no chemical action can be produced 
by a ray that does not involve the destruction of the ray. 
But the term * ray ' is unsatis&ctory to us at present, 
when our desire is to abolish all vagueness, and to affis: 
a definite physical significance to each of our terms. 
Abandoning the term ray as loose and indefinite, we havo 
to fix our thoughts upon the waves of light ; and to 
render clear to our minds that those waves which produce 
chemical action do so by delivering up their own motion, 
to the molecules which they decompose. We have here= 
forestalled to some extent a question of great importance 
in molecular physics, which, however, is worthy of being" 
fixed more definitely in your mind ; it is this : When the 
waves of aether are intercepted by a compound vapour, m 
the motion of the waves transferred to the molecules of 
the vapour, or to the atoms of the molecules ? We have 
thus far leaned to the conclusion that the motion is com- 
municated to the atoms ; for if not to these individually, 
why should they be shaken asunder? The question, 
however, is capable of, and is worthy of, another test. 
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the bearing and significance of which you will immeJiatoly 
appreciate. 

Aa already explained, the raolecnlea are held in their 
positions of equilibrium by their mutual repidsion on the 
one side, and by an external pressure on the other. 
Their rate of vibi-ation, if tiiey vibrate at all, must depend 
upon the elastic force which they mutually exert. If 
this force be changed, the rate of vibration must change 
along with it ; and after the change the molecules could 
no longer absorb the waves which they absorbed prior to 
the change. Now the elastic force between molecule and 
molecule is utterly altered wlieu a vajiour passes to the 
liquid state. Hence, if the hquid absorbs waves of the 
same period as its vai^tur, it is a proof that the absorption 
is not effected by the molecules. Let us be perfectly 
clear on this important point. Those waves are absorbed 
whase vibrations synchronise with those of the molecules 
or atoms on which they impinge ; a principle which is 
sometimes expressed by saying that bodies radiate and 
absorb the same rays. This great law, as you know, is 
the foundation of spectrum-analysis ; it enabled Kirclihoff 
to explain the Hnee of Frauenhofer, and to determine the 
chemical composition of the atmosphere of the sun. If 
then, after such a change as that involved in the passage 
of a vapour to the liquid state, the same waves are ab- 
sorbed as were absorbed prior to the passage, it is a 
proof that the molecules, which must have utterly changed 
their periods, cannot be the seat of the absoi^ption ; and we 
are driven to conclude that it is to the atoms, whose rates 
of vibration are unchanged by the change of aggregation, 
that the wave-motion is transferred. If esporiment should 
prove this identity of action on the |)art of a vapour 
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and its liquid, it would establish in a new and atrikiiig 
manner the conclusion to which we have previonaij 
leaned. 

We will now resort to the experimental teat. In finont 
of this experimental tube, which contains a quantitj of 
the nitrite of amyl vapour, is placed a glass cell a quaiter 
. of an inch in thickness, filled with the liquid nitrite of 
amyL I send the electric beam first through the liquid 
and th6n through its vapour. The luminous power of 
this beam is very great, but it can make no impresnon 
upon the vapour. The liquid has robbed it completdy 
of its effective waves. When the liquid is removod 
chemical action immediately commences, and in a moment 
we have the apparently empty tube filled with this bri^ 
doud, precipitated by one portion of the beam, and illu- 
minated by another. Thus we uncover to some extent 
the secrets of this world of molecules and atoms. 

Instead of employing air as the vehicle by which the 
vapour is carried into the experimental tube, we may 
employ oxygen, hydrogen, or nitrogen. With hydrogen 
curious effects are observed, due to the sinking of the 
clouds through the extremely light gas in which they float 
They illustrate, but do not prove, the untenable notion 
of those who say that the clouds of our own atmosphere 
could not float if the cloud particles were not little bladders 
instead of full spheres. Before you is a tube filled with 
the nitrite of amyl vapour, which has been carried into 
tlie tube by hydrogen gas. On sending the beam through 
the tube a delicate bluish-white cloud is precipitated. A 
few strokes of the pump clear the tube of this cloud, but 
leave a residue of vapour behind. Again turning on the 
beam we have a second cloud, more delicate than the 
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firet. This may be doue half-a-dozen times in succession. 
A residue of vapour will still hnger in the tube sufficient 
to yield a cloud of exquisite delicacy, both as regards 
coloiu' and texture. 

Besides the nitrite of amyl a great number of other 
substances might be employed, which, hke the nitrite, 
have been hitherto not known to be chemically susceptible 
to light. This is, in fact, a representative case. One 
point in addition I wish to illustrate, chiefly because the 
^lect is the same in kind as one of great importance in 
nature. Our atmosphere contains carbonic acid gas, 
which furnishes food to the vegetable world. But this 
food, aa many of you know, could not be consumed by 
plants and vegetables without the intervention of the 
sun's rays. As far as we know, however, these rays 
are powerless upon the free carbonic acid of our atmo- 
sphere ; tlic sua can only decompose the gas when it is 
absorbed by t!ie leaves of plants. In the leaves the car- 
bonic acid is in close proximity with substances ready to 
take advantage of the looseuiug of the molecules by 
the waves of light. Incipient disunion being introduced 
by the solar rays, the carbon of the gas is seized upon by 
the leaf and appropriated, while the oxygen is discharged 
into the atmosphere. 

The experimental tube now before you contains a 
quantity of a different vapour from that which we have 
hitherto employed. The liquid from which this vapour 
is derived is called the nitrite of butyl. On sending the 
electric beam through the vapour, which has been carried 
in by air, the chemical action is insensible. I add to 
the vapour a quantity of air which has been permitted to 
bubble through hydrochloric acid. When the beam is 
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now tamed on, so rapid is the action and so dense the 
clouds precipitated,, that you could hardly by an effort of 
attention observe the dark interval which preceded the 
precipitation of the cloud. This enormous augmentatioD 
of the action is due to the presence of the hydrochlonc 
acid. Like the chlorophyl in the leaves of plants, it 
takes advantage of the loosening of the molecules of 
nitrite of butyl by the waves of the electric light. 

In these experiments we have employed a luminous 
beam for two different purposes. A small portion of it 
has been devoted to tlie decomposition of our vapouTSy 
while the great body of the hght has served to render 
luminous the clouds resiilting from the decomposition. 
It is possible to impart to these clouds any required 
degree of tenuity, for it is in our power to limit at 
pleasure the amount of vapour in our experimental tube. 
When the quantity is duly limited, the precipitated 
particles are at first inconceivably small, defying the 
higliest microscopic power to bring them within the range 
of vision. Probably their diameters might then be ex- 
pressed in millionths of an inch. They grow gradually, 
and as they augment in size, they scatter a continually 
increasing quantity of wave-motion, until, finally, the 
cloud which they form becomes so luminous as to fill 
this theatre with light. During the growth of the 
particles the most splendid mdescences are often ex- 
hibited. Such I have sometimes seen with delight and 
wonder in the atmosphere of the Alps, but never any- 
thing so gorgeous as tliose which oiu* laboratory ex- 
periments reveal. It is not, however, with the irides- 
cences, however beautiful tliey may be, tliat we have now 
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.to occupy our thoughts, but with other effects which bear 
upon the two great standiug euigmas of meteorology 
—the colour of the sky and the polarisation of its light. 

It is possible, as stated, by duly regulating the quantity 
of vapour, to make our precipitated particles grow froiQ 
an infinitesimal aud altogether ultra-microscopie size to 
masses of sensible magnitude ; and by meaas of these 
particles, in a certam stage of their growth, we can 
produce a blue which shall rival, if it does not transcend, 
that of the deepest and purest Italian sky. Let tliis point 
be in the first place established. Associated with our 
experimental tube is a barometer, the mercurial column 
of which now indicates that the tube is exhausted. Into 
the tube is mtroduced a quantity of the mixed air and 
nitrite of butyl vapour sufficient to depress the mercurial 
column one-twentieth of an inch ; that is to say, the air 
and vapour together exert a pressure of one six-hundredth 
of an atmosphere. I now add a quantity of air and 
hydrochloric acid sufficient to depress the mercury half- 
an-inch further, and into this compound and highly 
attenuated atmosphere I discharge tlie beam of tlie electric 
light. The eSect is slow ; but gradually within the tube 
arises this splendid azure, which strengthens for a time, 
reaches a maximum of depth and purity, and then, as the 
particles grow larger, passes into whitish blue, This ex- 
periment is representative, and it illustrates a general 
principle. Various other colourless substances of the 
most diverse properties, optical and chemical, might be 
anploycd for this exiieriment. The incipient cloud in 
every case would exhibit this superb blue ; thus proving 
to demonstration that particles of infinitesimal size, without 
liny colour of their own, and irrespective of those o[)tic!il 
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ies exhibited by the substance in a massive state, 
ipetcnt to produce the colour of the sky. 
here is another subject connected with our firma- 
f a more subtle and recondite character than even 
)ur. I mean that ' mysterious and beautiful 
tinon," * the polarisation of the hght of the sky. 
larity of a magnet consisla in its tico-endedness, 
ids, or polea, acting in opposite ways. Polar 
IS most of you know, are those in which the 
fif attraction and repulsion is manifested. And a 
tico-sidedness — noticed by Huygens, commented 
ewton, and discovered by a French philosopher, 
tialus, in a beam of light which had been reflected 
■^ of the windows of the Luxembourg Palace in 
L'ceives the name oi polarisation. Wemust now, 
, attach a distinctness to the idea of a polarised 
liich its discoverers were not able to attach to it. 
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ivels. They are therefore called longitudinal vibrations. 

the case of light, on the contrary, the vibrations are 
transversal \ that is to say, the individual particles of 
Btber move to and fi"o across the direction in which the 
l^bt is propagated. In this respect waves of light re- 
semble ordinary water-waves, more than waves of sound. 
In the case of au ordinary beam of light, tlie vibrations of 
the asther particles are executed in every direction per- 
pendicular to it ; but let the beam impinge obliquely, 
upon a plane glass surface, as in the case of Malus, the 
pwtion reflected will no longer have its particles vibrating 
in all directions round it. By the act of reflection, if it 
occtir at the proper angle, the vibrations are all confined 
to a single plane, and light thus circumstanced is called 
plane polarised light, 

A beam of light passing through ordinary glass exe- 
cutes its vibrations within the substance exactly as it 
would do in air, or in Bether-filled space. Not so when it 
jiasses througii many transparent crystals. For tliese 
have also their two-sidedness, the arrangement of their 
molecules being such as to tolerate vibrations ouly in cer- 
tain definite directions. There is the well-known crystal 
tourmaline, which shows a marked hostihty to all vibra- 
tions executed at right anglea to the axis of the crystal. 
It speedily extinguishes such vibrations, while those exe- 
cuted parallel to the axis are freely propagated. The 
consequence is, that a beam of light, after it has passed 
through any thickness of this crystal, emerges from it 
polarised. 80 also as regards tlie beautiful crystal known 
as Iceland spar, or as double refracting spar. In one 
direction, but in one only, it acts like a piece of glass ; 
iu all other dirccliouy it spUts the beam uf light passing 
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through it into two distinct halves, both of which sie 
perfectly poLiriaed, thdr vibrations being execated in two 
I^anes, at right angles to each other. 

It is possible by a suitable contrivance to get rid of 
one of the two polarised beams into which Icdand sptr 
divides an ordinary beam of light This was done 80 
ingeniously and effectively by a man named Nicol, that 
the Iceland spar, cut in his fashion, is now universally 
known as Nicols prism. Such a prism can polarises 
beam of light, and if the beam, before it impinges on the 
prism, be already polarised, in one podtion of the prism 
it is stopped, while in another positicm it is transmittedL 
Our way is now, to some extent, cleared towards an ex- 
amination of the light of the sky. Looking at various 
points of the blue firmament through a Nicol's prism, and 
turning the prism round its axis, we immediately notice 
variations of brightness. In certain positions of the 
prism, and from certain points* of the firmament, the light 
appears to be fireely transmitted ; while it is only neces- 
sary to turn the prism roimd its axis through an angle 
of ninety degrees to materially diminish the intensity of 
the light. On close scrutiny it is found that the difference 
produced by the rotation of the prism is greatest when 
the sky is regarded in a direction at right angles to that 
of the solar rays through the air. 

Let me describe a few actual observations made 
some days ago on Primrose Hill. The sun was near 
setting, and a few scattered neutral-tint clouds, which 
failed to catch the dying light, were floating in the 
air. When these were looked at across the track of the 
solar beams, it was possible, by turning the Nicol round, 
to see them either as white clouds on a dark ground, or 
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itf dark clouds on a bright ground.^ In certain posi- 
tions of the prisms the sky light was in great part 
juenched, and then the clouds, projected against the 
iarkness of space, appeared white. Turning the Nicol 
ninety degrees round its axis, the brightness of the sky 
was restored, the clouds becoming dark through contrast 
with this brightness. Experiments of this kind prove 
that the blue light sent to us by the firmament is 
polarised, and that the direction of most perfect polarisa- 
tion is perpendicular to the solar rays. Were the 
heavenly azure Uke the light scattered from a thick 
cloud, the turning of the prism would have no effect 
upon it ; it would be transmitted equally during the entire 
rotation of the prism. The light of the sky is in great 
part quenched, because it is in great part polarised. 

When a luminous beam impinges at the proper angle 
on a plane glass surface it la polarised by rejection. It 
is polarised, in part, by all oblique reflections ; but at 
one particular angle, the reflected light is perfectly 
polarised. An exceedingly beautiful and simple law, 
discovered by Sir David Brewster, enables us readily to 
find the polarising angle of any substance whose refractive 
index is known. This law was discovered experimentally 
by Brewster; but the Wave Theory of light renders a 
complete reason for the law. A geometrical image of it 
ia thus given. When a beam of light impinges obliquely 
upon a plate of glass it is in part reflected and in part 
refracted. At one particular incidence the reflected and 
the refracted portions of tlie beam are at right angles to 
each other. The angle of incidence is then the polarising 

■ I won not awua when thoae words -were writlon Ihnt tin's obacrTfitiiin 
KM made \^ the indefati^bte Dr^wsttr, 
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wai^ li Taiies with the r^rsdive index of the sub- 
stmoe; being fx wiler 524, '^ ^*^ ^7^ <^ for 
diamoiidGS degrees. 

It has been already stated, that in order to obfeahi the 
most pa^HTt polarisation of the firmamental Kght, the skj 
must be regarded in a direction at right angles to the solir 
beani& - This is sometimes expressed by saying that the 
place of mazimnm polarisation is at an angular distance 
of 90" fiom the son. This angje, oidoeed as it is between 
the direct and reflected rays, ccHnprises both the anj^ 
of incidence and reflection, snppofluig the polarisation to 
be due to a sin^ reflectimi. Hence the angle of in- 
ddence is half of 90% or 45% This is the atmospheiic 
polariang angle, and the question is» what known sob- 
stance possesses an index of refinaction to correspond with 
this polarising angle? * I^' says Sir John Herschel^ * we 
knew this sobstance, we might be tempted to conclude 
that particles of it, scattered in the atmosphere, produce 
the polari^jation of the sky. Were the angle of maximum 
polarisation 76* (instead of 90**), we should look to trater 
or ice, as the reflecting body, however inconceivable the 
existence in a cloudless atmosphere and a hot summer 
day, of uncvaporated particles of water.' But a polarising 
angle of 45*" corresponds to a refractive index of 1 ; this 
means that there is no refraction at all, in which case we 
ought to liave no reflection. Brewster, therefore, and 
others came to the conclusion that the reflection was from 
the particles of air themselves. Dr. Eubenson, of Upsala, 
made the angle enclosed between the direct and reflected 
beams 90** 2'; * the half of which,' says Mr. Buchan, in 
his excellent little * Handy Book of Meteorology/ ' is so 
near the polarising angle of air as to leave no doubt that 
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the light of the sky, as first stated by Brewster, b polarised 
by reflectioQ from the particles of air.' 

If you doubt the wisdom, acknowledge, at all events, 
the faith in your capacity which has caused me to bring 
BO entangled a subject before you. I would fain believe, 
however, that even the inteUect which draws its culture 
from a totally different source, may have its interest 
excited in subjects like the present, dark and difficult 
though they seem. I do not expect that you will 
grasp all the details of this discussion ; but everybody 
present wOi, I think, see the extremely important part 
liitherto played by the law of Brewster in specidations aa 
to the colour and polarisation of the sky. Let me now 
endeavour to demonstrate in your presence, firstly, and in 
confirmation of our former experiments, that sky-blue may 
be produced by exceedingly minute particles of any kind 
of matter; secondly, that polarisation identical with that 
of the sky is produced by such particles ; and thirdly, 
that matter in this fine state of division, where its particles 
are small in comparison with the height and span of a 
irave of hght, releases itself completely from the law of 
Brewster ; the direction of masimura polarisation being 
absolutely independent of the polarising angle as hitherto 
defined. 

Into this experimental tube, in the manner already 
described, I introduce a vapour which is decomposable 
by the waves of light. The mixed air and vapour are 
sufficient to depress the mercurial column one inch. I 
add to tliis mixture air, which has been permitted to 
bubble through dilute hyrochloric acid, until the column 
is depressed thirty inches : in other words, until the tube 
is full. And now I permit the electric beam to play upon 
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the mixture. For some time notliiug i3 seen. Tl 
chemical action is doubtless progressing, auj condensatii 
is gcni^ on ; but the condensing molecules have not y( 
coalesced to particles sufHciently large to reflect sensibl] 
the waves of hght. Aa before stated — and the statem^ 
rests upon an csperiraental basis — the particles here 
generated are at firet so small that their diameters would 
probably have to be expressed in millionths of an inch 
while to form each of these particles whole crowds 
molectJee ai'e probably aggregated. Helped by such coo-' 
aiderationa the intellectual vision plunges more profoundly 
into atomic nature, and shows ua, among other things, 
how &r we are from the realisation of Newton's hope 
that the molecules might one day be seen by microscopea. 
While I am speaking, you observe this delicate blue 
colour, forming and strengthening within the experimental 
tube. No sky-blue could exceed it in richness and purity; 
but the piutick's which produce this colour lie wholly 
beyond our microscopic range. A uniform colour is here 
developed, which has as little breach of continuity, — 
which yields as little evidence of the particles concerned 
in its production, as that yielded by a body whose colour 
is due to true molecular absorption. This blue is at first 
as deep and dark as the sky seen firom the highest Alpine 
peaks, and for the same reason. But it grows gradually 
brighter, still maintaining its blueness, until at length a 
whitish tinge mingles with the pure azure ; announcing 
that the particles are now no longer of that infinitesimal 
size which mainly scatters the shortest waves.^ 

The liqiud here employed is the iodide of aUyl, but I 

' Possibly a photo^phic impresidan might be UksD lon^ Wore tbq 
blue becomea risible, for the nltia-blue ntjs &» first reflected. 
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might choose any one of a dozen substances here before 
me to produce the effect. You have seen what may be 
done with the nitrite of butyl. "With nitrite of amyl, 
bisulphide of carbon, benzol, benzoic ether, &c. the 
same blue colour may be produced. In all cases, where 
matter slowly passes from the molecular to the massive 
state the transition is marked by the production of the 
blue. More than this : — you have seen me looking at 
the blue colour (I hardly like to call it a blue ' cloud,' its 
texture and properties are so different from ordinary 
clouds) through this bit of spar. This is a Nicol's prism, 
and it is to be wished that one of them could be placed 
in the hands of each of you. Now, this blue tliat I have 
been regarding turns out to be, if the expression be 
allowed, a bit of more perfect sky than the sky itself. On 
looking across the illuminating beam as we look across 
the solar rays in the atmosphere, we obtain not only 
partial polarisation, but perfect polarisation. In one posi- 
tion of the Nicol the blue light passes freely to the eye ; 
in the other it is absolutely cut off, the experimental tube 
being reduced to optical emptiness. It is well to place 
a black surface behind the experimental tube, so as to 
prevent foreign light from troubling the eye. In one 
position of the prism this black surface is seen without 
softening or qualification ; for the particles within the 
tube are themselves invisible, and the hght which they 
scatter b quenched. If the light of the sky were polarised 
with the same perfection, on looking properly towards it 
through a Nicol we should meet, not the mild radiance of 
the firmament, but the uniilumined blackness of space. 

The construction of a Nicol's prism is such that it allows 
the passage of vibrations which are esecuted in a certain 



274 FSAOMS.vrs of SC/E.VCE. 



[ido^ 



k 



detenninatc direction, ant! these only. All vibraboM' 

executed at right angles to this direction are completely 
stopped : while components only of those executed 
obliquely to it are transmitted. It is easy, therefore, to 
see that from the position in which the prism must be 
held to transmit or to quench the light of our incijHeot 
cloud, we can infer the direction of the vibrations of that 
light. You will be able to picture those vibrations with- 
out difficulty. Suppose a line drawn from any point 
of the * cloud ' perpendicular to the illuminating beam- 
The particles of tether along that line, which carry the 
Ught from the cloud to the eye, vibrate in a direc- 
tion perpendicular both to the line and to the beam. 
And if any number of lines be drawn in the same 
way from the cloud, Uke the spokes of a whed, the 
particles of ajther along all of them oscillate in the same 
manner. Wherefore, if a plane surface be imagined cutting 
the incipient cloud at right angles to its length, the 
vibrations discharged laterally are all jjarallel to this sur- 
face. This is the plane of vibration of the polarised 
Hght. 

Our incipient blue cloud is a virtual Nicol's prism, and, 
between it and the real prism, we can produce all the 
effects obtainable between the polariser and analyser of a 
polariscope. When, for example, a thin plate of selenite, 
which is crystallised sulphate of lime, is placed between 
the Nicol and the incipient cloud, we obtain the splendid 
chromatic phenomena of polarised light. The colour of 
the gypsum-plate, as many of you know, depends upon 
its thickness. If this be uniform, the colour is uniform. 
If, on the contrary, the plate be wedge-shaped, thickening 
gradually and uniformly from edge to back, we have 
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brilliant bantls of colour produced parallel to the edge 
of the wedge. Perhaps the best form of plate for experi- 
ments of til is character is that now in ray hand, which 
was prepared for rae some years ago by a man of genius 
in his way, the late Mr. Darker of Lambeth. It consists 
of a plate of selenite thin at the centre, and gradually 
thickening towards the circumference. Placing this film 
between the Nicol and the cloud, we obtain, instead of a 
(series of parallel bands, a system of splendidly coloured 
rings. Precisely the same phenomena are observed when 
we look at the blue firmament in a direction perpendicular 
to the solar rays. 

We have thus far illuminated our artificial sky with 
ordinary light. We will now examine the eflccts pro- 
duced when the light which illuminates the particles is 
itself polarised. In front of the electric lamp, and lie- 
tween it and the experimental tube, is placed this fine 
Nicol's prism, which is sufficiently large to embrace and 
to polarise the entire beam. The plane of vibration of 
the light now emei^ent from the prism, and falling upon 
the cloud, is vertical ; and we find that this formless 
aggregate of infinitesimal particles, without definite struc- 
ture, is absolutely incompetent to scatter the light upwards 
or downwards, while it freely discbarges the light hori- 
iiBontally, right and left. I turn the polarising Nicol so as 
to render the plane of vibration horizontal ; the cloud 
now freely scatters the Hght vertically up^va^ds and down- 
wai'ds, but it is absolutely incompetent to shed a ray 
jiorizontally to the right or left. 

t Suppose the atmosphere of our planet to be sur- 
ilrounded by an envelope impervious to light, with an 
■aperture on the sunward side, through which a solar 
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beam could enter. Surrounded on all sides by air 
not directly illuminated, the track of the sunlight would 
resemble that of the electric beam in a dark space 
filled with our incipient cloud. The course of the sun- 
beam would be blue, and it would discharge laterally, in 
all directions round it liglit in precisely the same polar- 
ised condition as that discharged from the incipient cloud. 
In fact, the azure revealed by the sunbeam would be the 
azure of such a cloud. And if, instead of permitting tiie 
ordinary light of the sun to enter the aperture, a NIcol's 
prism were placed there, which should polarise the sun- 
light on its entrance into our atmosphere, the particles 
producing the colour of the sky would act precisely like 
those of our incipient cloud. In two directions we should 
have the solar light reflected ; in two others unreflected. 
In fact, out of such a solitary beam, traversing the an- 
illuminated air, we should be able to extract every effect 
shown by our incipient cloud. In the production of such 
clouds we virtually cany bits of the sky into our labora- 
ties, and obtain with them all the effects obtainable in 
the open firmament of heaven. 

The real sky is, as I have said, loss perfect than our 
artificial one may be made. For mingled with tlie 
infinitesimal particles which constitute the true matter of 
the sky, there are others too coarse, at right angles to the 
solar beams, to scatter perfectly polarised hght. Hence, 
when the biHlliancy of the sky is diminished to the 
uttermost, there is still a residue of light ; the extinctioa 
is partial, and not total, as in the case of our incipient 
cloud. Let us consider this matter. The perfect polariaa- 
tion can only be produced by excessively minute partides ; 
imagine them growing gradually larger as they t 
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do in our experiments. The extinction by the Nicol ia 
perfect as long as the polarisation is complete. But what 
■would you expect ? Manifestly, that after a time the 
polarisation would cease to be perfect. But here again 
the relation of the size of the particles to the size of the 
■waves must come into play. In relation to the blue 
■waves the particles are larger than in relation to the red; 
the blue waves, therefore, will be the first liberated from 
a condition dependent on the smaUness of the particlea. 
They will first escape from the trammels of polarisation ; 
and on their liberation they exhibit an azure far purer 
and more brilliant than that produced by the first pre- 
cipitation of the particles. Could we overarch ouraelvea 
with a sky of this colour for a single day, it would make 
us discontented with our present lack-lustre firmament 
ever afterwards. It will be observed that in all tliese 
cases reason and experiment go hand in hand, the one 
predicting, the other verifying ; every such verification 
lending its weight of proof to the undulatory theory on 
which the predictions are founded. 

The seleiiite ring-system, already referred to, is a most 
delicate reagent for the detection of polarised light. When 
we look normally, or perpendicularly, at an incipient cloud, 
the colours of the rings are most vividly developed, a 
diminution of the colour being immediately apparent 
when the incipient cloud is regarded obliquely. But let 
us continue to look through the Nicol and sclenite nor- 
mally at the cloud : the particles augment in size, the 
cloud becomes coarser and whiter, the strength of the 
selenite colours becoming gradually feebler. At length 
the cloud ceases to dischai^e polarised light along the 
normal, and then the selenite coloiu^ entirely disappear. 
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If now the cloud be regarded obliquely the colours are 
restored, very vividly, if not with their first vividness anil 
clearness. Thus the cloud that has ceased to discharge 
polarised light at right angles to the illuminating beam, 
pours out such light copiously in oblique directions. The 
direction of maximum polarisation changes with tiie tex- 
ture of the cloud. 

But this is not all ; and to understand, even partially, 
what remains, a word must be said regarding the appear- 
ance of the colours of our plate of selenite. If, as be- 
fore stated, the plate be of uniform thickness, its hue 
in polarised hght is uniform. Suppose, then, that hy 
arranging the Nicol the colour of the plate is raised to 
its maximum brilliancy, and suppose the colour produced 
to be green ; on turning the Nicol round its axis the 
green becomes fainter. When the angle of rotation 
amounts to 45 degrees the colour disappears ; we then 
pass what may be called a neutral position, where the 
sejenite behaves, not as a crystal, but as a bit of glass. 
Continuing the rotation, a colour reappears, but it is no 
longer green, but red. This attains its maximum at a 
distance of 45 degrees from the neutral position, or, in 
other words, at a distance of 90 degrees from the posilioo 
which showed the green at its roasimum. At a further 
distance of 45 degrees from the position of maximuiu 
red, the colour disappears a second time. We have there 
a second neutral point, beyond which the green comes 
again into view, attaining its maximum brilliancy at the 
end of a rotation of 180 degrees. By the rotation of the 
Nicol, therefore, through an angle of 90 degrees, we pro- 
duce a colour complementary to that with which we 
Btarted, 
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Ab may be inferred from tliis result, the eelenite ring 
system changes its character when the Nicol is turned. 
It is possible to have the centre of the circle dark, the 
surrounding rings being vividly coloured. The turning 
of the Nicol through an angle of 90 degrees renders the 
centre bright, while every point occupied by a certain 
colour in the first instance is occupied by the complement 
of that colour in the second. By curious internal actions, 
not here to be described, the cloud in our experimental 
tube sometimes divides itself into sections of different 
textures. Some sections are coarser than others, while it 
often happens that some are iridescent to the naked 
eye, and others not. Looking normally at such a cloud 
through the selenite and Nicol, it often happens that in 
passing from section to section the whole character of the 
ring-system is changed. You start with a section pro- 
ducing a dark centre and a corresponding system of rings ; 
you pass through a neutral point to another section and find 
there the centre bright, and each of the first rings displaced 
by one of the complementary colour. Sometimes aa many 
as four such reversions occur in the cloud of an experi- 
mental tube a yard long. Now, the changes here indicated 
mean that in passing from section to section of tlie cloud 
the plane of vibration of the polarised light turns suddenly 
through an angle of 90 d^ees ; this change being en- 
tirely due to the different texture of the two parts of the 
cloud. 

You will now be able to understand, as far as it is 
capable of being uoderslood, a very beautiful effect 
which, under favoiurable circumstances, might be ob- 
served in our atmosphere. This experimental tube con- 
tains an inch of the iodide of allyl vapour, the remaining 
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29 inches necessary to fill the tube being air, which has 
bubbled through aqueous hydrochloric acid. Besides, 
therefore, the vapour of iodide of allyl, we have those 
of water and of acid within the tube. The light has 
been acting on the mixture for some time, a beautiiiil 
incipient blue cloud being formed. As before stated, the 
' incipient cloud ' is wholly different in texture and 
optical properties from an ordinary cloud ; but it is 
possible to precipitate in the midst of the azure the 
aqueous vapour so as to cause it to form in the tube a 
cloud similar to the cJouds of our atmosphere. An 
exhausted vessel of about one-third of the capacity of 
the experimental tube is connected with it, the passage 
imiting both being closed by a stop-cock. On opening 
thia cock the mused air and vapoiu- rush from the 
experimental tube into the empty vessel ; and, in con- 
sequence of the chilhng due to rarefaction, the vapour 
in the experimental tube is precipitated as a true cloud. 
What is the result? Instantly the centre of the system of 
coloured rmgs becomes bright, and the whole series of 
colom"s corresponding to definite radial distances, comple- 
mentary. While you continue to look at the cloud, it 
gradually melts away as an atmospheric cloud might do 
in the aziu-e of heaven. And there is our azure also 
remaining beliind. The coarser cloud seems drawn aside 
like a veil, the blue reappears, the first ring-system, with 
its dark centre and correspondingly coloured circles, 
being restored. 

Thus patiently you Lave accompanied me over a 
piece of exceedingly difficult ground ; and I think as a 
prudent guide, we ought to halt upon the eminence 
we have now attained. We might go higher, but the 
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boulders begin here to be very rough. At a future day 
we shall, I doubt not, be able to overcome this difficulty, 
and to reach together a greater elevation. 
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The vision of an object always implies a differential 
action on the retina of the observer. The object is 
distinguished from surrounding space by its excess or 
defect of light in relation to that space. By altering the 
illumination, either of the object itself or of its environ- 
ment, we alter the appearance of the object. Take the 
case of clouds floating in the atmosphere with patches of 
blue between them. Anything that changes the illumina- 
tion of either alters the appearance of both, that appear- 
ance depending, as stated, upon differential action. Now 
the light of the sky, being polarised, may, as the reader 
of the foregoing pages knows, be in great part quenched 
by a Nicol's prism, while the light of a cloud, being 
unpolarised, cannot be thus extinguished. Hence the 
possibility of very remarkable variations, not only in the 
aspect of the firmament, which is really changed, but also 
in the aspect of the clouds which have that firmament 
as a background. It is possible, for example, to choose 
douds of such a depth of shade that when the NJcol 
quenches the light behind them, they shall vanish, being 
undistinguishable from the residual dull tint which outlives 
tlie extinction of the brilliance of the sky. A cloud less 
deeply shaded, but still deep enough, when viewed with 
the naked eye, to appear dark on a bright ground, is 
suddenly changed to a white cloud on a dark ground 
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by the quendiing of the sky behind it When a 
reddish cloud at sunset <:hance9 to float in the re^oo 
of maximum polarisation, the quenching of the sly 
behind it causes it to flash with a brighter crimson. Last 
Eaater eve the Dartmoor sky, which had just been 
cleansed by a snow storm, wore a very wild appearance. 
Bound the horizou it was of steely brilliancy, while 
reddish cumuli and cirri floated southwards. When the 
sky was quenched behind them these lloating maases 
seemed Hke dull embers suddenly blown upon ; they 
brightened like a fire. In the Alps we have the most 
magnificent examples of crimson clouds and snows, so that 
the effects just referred to may be here studied under the 
best possible conditions. On August 23, 1S69, the evening 
Alpenglow was very fine, though it did not reach its 
maximum depth and splendour. Towards sunset I walked 
up the slopes to obtain a better view of the Weisshom. 
The side of the peak seen from the Bol Alp, being turned 
from the sun, was tinted mauve ; but I wished to see one 
of the rose-coloured buttresaea of the mountain. Such 
was visible from a point a few hundred feet above the 
hotel The Matterhom also, though for the most part in 
shade, had a crimson projection, whUe a deep ruddy red 
hrigered along its western shoulder. Four distinct peaks 
and buttresses of the Dom, in addition to its dominant 
head — all covered with pure snow — were reddened by 
the light of sunset. The shoulder of the Alphubel was 
similarly coloured, while the great mass of the Fletschom 
was all a-glow, and so was the snowy spine of the Monte 
Leone. 

Looking at the Weisshom through the Nicol, the glow 
of its protuberance was strong or weak according to tf>e 
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of the prism. The summit alao underwent a 
In one position of the prism it exhibited a pale 
white against a dark background; in the recUmgular 
position, it was a dark mauve against a light background. 
The red of the Matterhorn changed in a similar manner ; 
but the whole mountain also passed through striking 
changes of definition. The air at the time was filled 
with a silvery haze, m which the Matterhorn almost 
disappeared. This could be wholly quenched by the 
Nicol, and then the mountain sprang forth with astonish- 
ing solidity and detachment from the surrounding air. 
The changes of the Dom were still more wonderful. 
A vast amount of light could be removed from the 
sky beliind it, for it occupied the position of maximum 
polarisation. By a little practice with the Nicol it was 
easy to render the extinction of tlie light, or its restora- 
tion, almost instantaneous. When the sky was quenched, 
the four minor peaks and buttresses, and the summit of 
the Dom, togetlier with the shoulder of the Alphubel, 
glowed as if set suddenly on fire. This was immediately 
dimmed by turning the Nicol through an angle of DO'*. 
It was not the stoppage of the Hght of the sky behind 
the mountains alone which produced tliis startling effect ; 
tlie air between them and me was Iiighly opalescent, and 
the quenching of this intermediate glare augmented 
remarkably the distinctness of the mountains. 

On the morning of August 24 similar efibcts were finely 
shown. At 10 A.M. all three mountains, the Dom, the 
Matterhorn, and the Woisshorn, were powerfully affected 
by the Nicol. But in tliis instance also the hue di-awn tr 
tlie Dom being accurately perpendicular to the direction 
of the solar shadows, and consequently very nearly per- 
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pendicular to the solar beams, the effects on this mountain 
were most striking. The grey summit of the Malterhorn 
at the same time could scarcely be distinguished from the 
opalescent haze around it ; but when the N'lccl quenched 
the haze, the summit became instantly isolated, and stood 
out in bold definition. It is to be remembered that in 
the production of these effects the only things changed 
are the sky behind and the luminous haze in front of the 
mountains ; that these are changed because the light 
emitted from the sky and from the haze is plane polarised 
light,' and that the light from the snows and from the 
mountains lieiug sensibly unpolarised, is not directly 
affected by the Nicol. It will also be understood that it 
is not the interposition of the haze as an opaque body 
that renders the mountains indistinct, but that it is the 
light of the haze which dims and bewilders the eye, and 
thus weakens the definition of objects seen through it. 

These results have a direct bearing upon what artists 
call ' aerial perspective.' As we look from the summit of 
the Aletschhom, or from a lower elevation, at the serried 
crowd of peaks, especially if the mountains be darkly 
coloured — covered with pines, for example — every peak 
and ridge is separated from the mountains behind it by a 
thin blue haze which renders the relations of the moun- 
tains as to distance unmistakable. When this haze is 
regarded through the Nicol perpendicular to the sun's 
rays, it is in many cases wholly quenched, because the 
light which it e:nits in this direction is wholly polarised. 
When this happens, aerial perspective is abolished, and 
mountains very differently distant appear to rise in the 
same vertical plane. Close to the Bel Alp, for instance, 

' Deiuiod at page 267. 
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is the gorge of the Maasa, and beyond the gorge ia a high 
ridge darkened by pines. This ridge may be projected 
upon the dark slopes at the opposite side of the Rhone 
valley, and between both we have the blue haze referred 
to, throwing the distant mountains far away. But at 
certain hours of the day this haze may be quenched, and 
then the Massa ridge and the mountains beyond the Rhone 
seem almost equally distant from the eye. The one 
appears, as it were, a vertical continuation of the other. 
The haze varies with the temperature and humidity of 
the atmosphere. At certain times and places it is almost 
as blue as the sky itself; but to see its colour, the attention 
must be withdrawn from the mountains and from the 
trees which cover them. In point of fact, the haze is a 
piece of more or less perfect sky ; it is produced in the 
same manner, and is subject to the same laws, as the 
firmament itself We live in the sky, not under it. 

These points were further elucidated by the deportment 
of the selenite plate, with which the readers of the fore- 
going discourse are already acquainted. On some of tlie 
sunny days of August the haze in the valley of the Rhone, 
as looked at from the Bel Alp, was very remarkable. 
Towards evening the sky above the mountains opposite 
to my place of observation yielded a series of the most 
splendidly-coloiu-ed iris-rings ; but on lowering the selenite 
until it had the darkness of the pines at the opposite side 
of the Rhone vaUey, instead of the darkness of space as a 
background, the colours were not much diminished in 
brilliancy. I should estimate the distance across the 
valley, as the crow flies, to the opposite mountains, at 
nine miles ; so that a body of air nine miles thick can, 
under favourable circumstances, produce chromatic effects 
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alaaek n nrid as those produced by the' 

A^m: the E^ of a bndscape, as (^ most other things, 
enaonts of C«q parts ; the one part oomes purely from 
ia|iwfirial reAectiao, asd thb fight is always of the same 
coloiir as Aat vhidi &db upon the landscape ; the other 
pait coaaco to va from a certain depth within the objects 
«Udi oompoee the landscape, and it is this portion of 
fHatt total l^t which gives th€se objects their distinctive 
ooloiira. The white l^ht of the son enters all subsrtances 
lo a oatain depth, and ts partially ejected by internal 
reAectaoo ; each distinct substance absorbing and reflect- 
ii^ the l^ht in accordance with the laws of its owo 
molecular coostitation. Thus the solar light is sifted by 
the landscape, which appears in so(^ colours and vari- 
aticKis of colour as, after the sifting process, reach the 
observer's ej^. Thus the bright greoi of grass, or the 
darker colour proper to the pine, never comes to us alone, 
but is always mingled with an amount of really foreign 
light derived from superficial reflection. A certain hard 
brilliancy is conferred upon the woods and meadows by 
tliis superficially-reflected hght. Under certain circum- 
stances, it may be quenched by a Nicol's prism, and we 
then obtain the true colour of the grass and foliage. 
Trees and meadows thus r^arded exhibit a richness and 
softness of tint which they never show as long as the 
superficial hght is permitted to mingle with the true 
interior emission. The needles of the pines show this 
effect very well, lai^e-leaved trees still better ; while a 
glimmering field of maize exhibits the most extraordinaiy 
variations when looked at through the rotating NicoL 
Thoughts and questions like those here referred to took 
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me, in August 1869, to the top of the Aletschhom, The 
effects described in the foregoing- paragraphs were for the 
most part reproduced in the summit of the mountain. I 
scanned the whole of the sky with my Nicol. Both alone 
and in conjunction with the selenite it pronounced the 
perpendicular to the solar beams to be the direction of 
maadmum polarisation. But at no portion of the firmament 
waa the polarisation complete. The artificial sky produced 
in the experiments recorded in the preceding discourse 
{ could, in this respect, be rendered more perfect than the 
natural one; while the gorgeous 'reaidual blue' which 
makes ita appearance when the polarisation of the artificial 
sky ceases to be perfect, was strongly contrasted with the 
lack-lustre hue which, in the case of the firmament, out- 
lived the extinction of the brilliance. With certain sub- 
stances, however, artificially treated, this dull residue may 
also be obtained. 

All along the arc from the Matterhoru to Mont Blanc 
the light of the sky immediately above the mountains was 
powerfully acted upon by the Nicol. In some cases the 
variations of intensity were astonishing. I have already 
said that a httle practice enables tlie observer to shift the 
Nicol from one position to another so rapidly as to render 
the alternate extinction and restoration of tlie hght imme- 
diate. When this was done along the arc to which I have 
referred, the alternations of light and darkness resembled 
the play of sheet lightning behind the mountains. My 
notes slate that there was an element of awe connected 
with the suddennees with which the mighty masses, ranged 
along tlie line referred to, changed their aspect and defi- 
nition under the operation of the prism. 
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ON DUST AND DISEASE. 
Experiments on Dusty Air. 
Solar llglit in passing through a dark room reveals ita 
track by illuminating the dust floating iu the air. ' The 
sun,' says Daniel Culverwell, ' discovers atomes, though 
they be invisible by candle-light, and makes them dance 
naked in his beams.'^ 

In my reseai'ches on the decomposition of vapours by 
light I was compelled to remove these 'atomes' and this 
dust. It was essential that the space containing the 
vapours shoiJd embrace no visible thing; that no sub- 
stance capable of sc^attering the light in the slightest 
sensible degree should, at the outset of an experiment, 
be found in the ' experimental tube ' traversed by the 
luminous beam. 

For a long time I was troubled by the appearance 
there of floating dust, which though invisible in diffuse 
daylight was at once revealed by a powerfully condensed 
beam. Two tubes were placed in succession in the path 
of the air : the one containing fragments of glass wetted 
with concentrated sulphuric aciti ; the other, fragments of 
marble wetted with a strong solution of caustic potash. To 
my astonishment the dust passed through both. The air 



' On a day of tntnsieDt aliadi 
riae and diaaolutton nf thu 
the HovilI Albert Kail. 



there is- something almost niaftical in 1 
beanifl among the ecalTiiIding poles 
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loyal Institution sent through these tubes at a rate 
tly elow \o (Iry it, anJ to remove its carbonic acid, 
into the experimental tube a considerable amount 
lanically suspended matter, which was illuminated 
le beam passed through the tube. The effect was 
ially the same when the iiir was permitted to 
through tlie liquid acid and through the solution 
h. 

, on Octolwr 3, 18G8, successive charges of 
e admitted through the potash and sulphuric 
the exhausted experimental tube. Prior to the 
)n of the air the tube was optically empty ; it con- 
lothing competent to scatter the hght. After the 
entered the tube, the conical track of the electric 
M in all cases clearly revealed. This indeed was 
observation at the time to which I now refer. 
.1 to intercept this floating matter in various ways ; 
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dust with the iDcandescent metal. The air of the labo- 
latory was permitted to enter the experimental tube, 
sometimes through the cold, and sometimes through the 
ieated, tube of platinum. The rapidity of admission was 
also varied. lu the first column of the following table 
the quantity of air operated on is expressed by the 
number of inches which the mercury gauge of the air- 
pump sank when tlio air entered. In the second column 
the condition of the platinum tube is mentioned, and in 
the third the state of the air which had ent«-ed the ex- 
perimental tube. 



QmnUtyofAlf, 


SUto Dt ItUlanm Tube. 


eutc ot BipsrimcnU] Tiihs 


15 inches 


Cold 


FuU of particles. 


15 „ 


Red-hot . 


Opdcally empty. 



The phrase ' optically empty ' shows that when the 
conditions of perfect combustion were present, the floating 
matter totally disappeared. It was wholly burnt up, 
leaving no sensible residue. The experiment was repeated 
many times with the same invariable result 

The whole of the visible particles floating in the air of 
London rooms being thug proved to be of organic origin,' I 
sought to bum them up at the focus of a conca\'e reflector. 
One of the powerfully convergent mirrors employed in my 
experiments on combustion by dark rays was here made 

' According to an amJj-sis kindly futnielied to me by l>r. Percy, the duit 
collected yroni the wn!k of the British Museum contaiDS fully 60 per cent of 
inorgitnic raalter. 1 have every confidence iu the r^sulla of this distinguished 
cbemiit ; they show that the Jloating dust of ntir rooms ie, ta it were, win- 
nowed Eram the heavier matter. As bearing directly upon this point I mity 
^uote the following passage from rasteur ; — ' Mais iei se pr&eoto una re- 
nuirque ; In poussiSre que Ton trouve 4 la earface de toua lea corps est soumisa 
CMiatamment h dea couranta d'air, qui doivent aoulever nes particules lea plus 
Ugerea, au nnmbre deaquellea ea trouvent, aana doute, du pr^fiJreDce les cor- 
puscules organist, ccufs ou eporcs, moins louitls gi^rdralenicnt que leg par- 
liculea min^rales.' 
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lit I failed in the attempt. Doubtless the floating 
are in part transparent to radiant heat, and are 
Lcombustible by such heat. Their rapid motion 
the focu9 also aids their escape. They do not 
lere sufficiently long to be consumed. A flame 
.ident would bum them up, but I at first thought 
once of the flame would mask its own action 
he particles. 

lyhndrical beam, which strongly illuminated the 
the laboratory, was placed an ignited spirit-lamp. 
[ with tlic flame, and round its rim, were seen 
wreaths of darkness resembling an intensely blade 
On lowering tlie flame below the beam the same 
-t^es stormed upwards. Tliey were at timea blacker 

■ blacke-st smoke that I have ever seen issuing 

■ funnel of a steamer ; and their resemblance to 
'i\3 so perfect as to lead the most practised observer 
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and the air, freed from this matter, rose into the beam, 
jostled aside the illuminated particles, and substituted for 
their light the darkness due to its own perfect trans- 
parency. Nothing could more forcibly illustrate the invisi- 
bility of the agent wliicli renders all things visible. The 
beam crossed, unseen, the black chasm formed by the 
transparent air, wliile at both aides of the gap the thick- 
strewn particles shone out like a luminous solid under 
the powerful illumination. 

But here a rather perplexing diflSculty meets us. It is not 
necessary to burn the particles to produce a stream of dark- 
ness. Without actual combustion, currents may be gene- 
rated whicli sliall exclude the floating matter, and therefore 
appear dark amid the surrounding brightness. I noticed 
this effect first on placing a red-hot copper ball below the 
beam and permitting it to remain there until its teuipera- 
ture had fallen below that of boiling water. The dark cur- 
rents, though much enfeebled, were still produced. They 
may also be produced by a flask filled with hot water. 

To study this effect a platinum wire was stretched 
across the beam, the two ends of the wire being connected 
with the two poles of a voltaic battery. To regulate the 
strength of tlie current a rheostat was placed in the cir- 
cuit. Beginning with a feeble current the temperature of 
the wire was gradually augmented ; but before it reached 
the heat of ignition, a fiat stream of air rose from it, 
which when looked at edgeways appeared darker and 
sharper than one of the blackest lines of JVaunhofer in 
the solar spectrum. Eiglit and left of this dark vertical 
band the floating matter rose upwards, bounding definitely 
the non-luminous stream of air. What is the exjjlanation ? 
Bimply this. The hot wire rarefied the air in contact 
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but it did not equally lighten the floating matter, 
vection current of pure air therefore passed up- 
'.mong the inert particlef<, dragging thera after it 
d left, but forming between them an impiissable 
irtition. This elementary esperiment enables us 
■r au account of the dark currents produced by 
t a temperature below that of combustion. 
I the wire is white hot, it sends up a band of 
iarkness. This, I say, is due to the destruction of 
jng matter. But even when its temperature does 
;ed that of boiling water the wire produces a dark 
ig current. This, I say, is due to the distribution 
loating matter. Imagine the ■\vire clasped by the 
ed air. My idea is that it heats the air and 
it, without in the same degree lightening the 
matter. The tendency, therefore, is to start a 
of clean air through the mote-filled air. Figure 




DVST AXD DISEASE. 



being thus produced. Could the air and the particles 
under tlie wire pass through its mass we should have a 
vertical current of particles, but no dark baud. For here, 
though the motes would be left behind at starting, they 
would hotly follow the ascending current and thus abolish 
the darkness. 

It lias been said that when the platinum wire is intensely 
heated, the floating matter ia not only distributed, but 
destroyed. Let this be proved. I stretclied a wire about 
4 inches long through the air of an ordinary glass shade 
resting on its stand. Its lower rim rested on cotton 
wool, which also surrounded the rim. The wire was 
raised to a white heat by an electric current. The air 
expanded, and some of it was forced through the cotton 
wool, while when the current was interrupted and the 
air within the shade cooled, the expelled air in its return 
did not carry motes along with it. At the beginning of 
this esperiraeot the shade was charged with floating 
matter ; at the end of half an hour it was optically empty. 

A second experiment was thus arranged : on the 
wooden base of a cubical glass shade measuring llj inches 
a side, upright supports were fixed, and from one sup- 
port to the other 38 inches of platinum wire were 
stretched in four parallel lines. The ends of the platinum 
wire were soldered to two stont copper wires which 
passed through the base of the shade and could be con- 
nected with a battery. As in the last experiment the 
shade rested upon cotton wool. A beam sent through 
tlie shade revealed the suspended matter. The platinum 
wire was then raised to whiteness. In five minutes there 
was a sensible diminution of the matter, and in ten 
minutes it was totally consumed. This [)roves that when 
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the platinum wire is sufficiently healed, the floating 
matter, iustead of being distributed, is destroyed. 

But is not the matter really of a character which per- 
mits of its destruction by the moderately heated platinum 
wire ? Here is the reply : — 

1. A platinum tube with its plug of platinum gauze 
was connected with an experimental tube, through which 
a powerful beam could be sent from an electric lamp 
placed at its end. The platinum tube was heated till it 
glowed feebly but distinctly in the dark. The experi- 
mental tube was exhausted and then filled with air whiek 
had passed through the red-hot tube. A considcrabltt 
amount of floating matter which had escaped combustion 
was revealed by tlie electric beam. 

2. The tube was raised to brighter redness and the ur 
permitted to pass slowly through it. Though dimiuiahed 
in quantity, a certain amount of floating matter paaaed 
into the exhausted experimental tube. 

3. The platinum tube was rendered still hotter; a 
barely perceptible trace of the floating matter now paifsed 
through it. 

4. The experiment was repeated, with the diflerence 
that the air was sent more slowly through the red-hot 
tube. The floating matter was totally destroyed. 

6. The platinum tube was now lowered until it bordered 
upon a visible red lieat. The air sent through it still more 
slowly than in the last experiment canied with it a cloud 
of floating matter. 

If then the suspended matter is destroyed by a bright 
red heat, much more is it destroyed by a flame, wlioso 
temperature is vastly higher than any here employed. So 
that the blackness introduced into a luminous beam wl 
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a flame is placed beneath it is due, as stated, to the de- 
BtructJon of the suspended matter. At a dull red heat, 
however, and still more when only on the vei^e of red- 
ness, the platinum tube permitted the motes to pass freely, 
lu the latter case the temperature was 800° or 900° Falir. 
This was unable to destroy the suspended matter ; much 
less, therefore, would a platinum wire heated to 212° be 
competent to do so. Such a wire can only distribute the 
matter, not destroy it. 

The floating dust is revealed by intense local illumina- 
tion. It is seen by contrast with the adjacent illuminated 
space; the brighter the illumination the more sensible is 
the difference. Now the beam employed in the foregoing 
experiments is not of the same brightness tliroughout its 
entire transverse section. Pass a white switch, or an 
ivory paper-cutter, rapidly across the beam, the impres- 
sion of its section will linger on the retina. The section 
seems to tloat for a moment in the air as a luminous cii-cle 
with a rim much brighter than its central portion. The 
core of the beam is thus seen to be enclosed by an 
intensely luminous sheath. An effect complementary to 
this is observed when the beam is intersected by the dark 
band from the platinum wire. The brighter the illumi- 
nation the greater must be the relative darkness consequent 
on the withdrawal of the light. Hence tlie cross section 
of the sheath surrounds the dark band as a darker ring. 

Oxygen, hydrogen, nitrogen, carbonic acid, so prepared 
as to exclude aU floating pardcles, produce the darkness 
when poured or blown into the beam. Coal-gas does the 
same. An ordinary glass shade placed in the air with its 
mouth downwards permits the track of the beam to be 
seen crossing it. Let coal gas or hydrogen enter the 
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y a tute reaching to its top, the gas gradually fills 
le from the top downwards. As soon as it occupies 
ce crossed by the beam, the luminous track is 
r abolished. Lifting the shade so aa to bring the 
1 Ixiuudary of gas and air above the beam, the 
ishes forth. After the shade is full, if it be inverted, 
passes upwards like a black smoke among the 
,tod particles. 

lir of oiu' London rooms is loaded with this organic 
.r is the country air free from its presence. How- 
liiiary daylight may permit it to disguise itself, a 
!ly powerful beam causes dust suspended in air 
ir almost as a semi-solid. Nobody could, in the 
;Uince, without repuguance, place the mouth at 
uiuated focus of the electric beam and inhale the 
tniisaed dust revealed there. Nor is the repug- 
.^olished by the reflection that, although we do not 
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had the power of spreadiDg there the destroying process 
which had attacked itself. Such a power was visibly 
exerted in the case of yeaat, A little leaven was seen 
to leaveu the whole lump, a mere sjjeck of matter in 
thia supposed state of decomposition beuig apparently 
competent to propagate indefinitely its own decay. Why 
should not a bit of rotten malaria work in a similar 
manner within the human frame? In 1S3G a very won- 
derfiil reply was given to this question. In that year 
Cftgniard de la Tour discovered the yeast plant, a hving 
organism, which when placed in a proper medium feeds, 
grows, and repi-oduces itself, and in this way carries on 
the process which we name fermentation. By this striking 
discovery fermentation was connected with organic growth. 
Schwann, of Berlin, discovered the yeast plant inde- 
pendently about the same time ; and in February, 1837, 
he also announced the importaut result, that when a 
decoction of meat is effectually screened from ordinary 
air, and supplied solely with calcined air, putrefaction 
never sets in. Putrefaction, therefore, he affirmed to be 
caused by something derived from the air, which some- 
thing could be destroyed by a sufficiently high tempera- 
ture. The results of Schwann were confirmed by the 
independent experiments of Ilelmholtz, Ure, and Pasteur, 
while other methods, pursued by Schultze and by Schroe- 
der and Dusch, led to the same result. But as regards 
fermentation, the minds of chemists, influenced probably 
by the great authority of Gay-Lussac, fell back upon the 
old notion of matter in a state of deciiy. It was not the 
living yeast plant, but the dead or dyuig parts of it, 
which, assailed by oxygen, produced the fermentation. 
This notion was finally exploded by Pasteur. He proved 
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■J sio-falled ' ferments ' are not such ; that the true 
:s lue organised beings which find in the reputed 
s their necessary food. 

by side with these researches and diacoveries, and 
1 by them and others, has run the germ theory of 
ic disease. The notion was expressed by Kircher, 
,'oured by Lionaius, that epidemic diseases are due 
as which float in the atmosphere, enter the body, 
)duce distui'bance by the development within the 
r parasitic life. While it was still stniggUng against 
idds, this theory found an expounder and a de- 
iri the President of this Institution. At a time 
nost of his medical brethren considered it a wild 
Sir Henry Holland contended that some form of 
in theory was probably true. The strength of this 
consists in the perfect parallelism of the phenomena 
agious disease with those of life. As a planted 
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Parasitic Diseases of Silkworms. Pasteur a Researches. 

It is admitted on all hands that some diseases are the 
product of parasitic growth. Both in man and lower 
creatures, the existence of such diseases has been demon- 
Btrated. I am enabled to lay before you an account of 
an epidemic of this kind, thoroughly investigated and 
BUCcessfuUy combated by M. Pasteur. For fifteen years 
a plague had raged among tlie silkworms of France. 
They had sickened and died in multitudes, while those 
that succeeded in spiuning tlieir cocoons furnished only 
a ft^ction of tlie normal quantity of silk. In 1853 the 
silk culture of France produced a revenue of one hun- 
dred and thirty miUione of francs. During the twenty 
previous years the revenue had doubled itself, and no 
doubt was entertained as to its future augmentation. 
The weight of the cocoons produced in 1853 was twenty- 
mx millions of kilogrammes; in 1865 it had fallen to 
four millions, the fall entailing in the single year last 
mentioned a loss of one hundred millions of fi'ancs. 

The country cliiefly smitten by this calamity happened 
to be that of the celebrated chemist Dumas, now perpetual 
secretary of the French Academy of Sciences. He turned 
to his friend, colle^igue, and pupil, Pasteur, and besought 
him with an eamestnesa which the circumstances ren- 
dered almost personal, to undertake the investigation of 
the malady. Pasteur at this time had never seen a silk- 
worm, and he urged his inexperience in reply to his 
friend. But Dumas knew too well the qualities needed 
for such an enquiry to accept Pasteur's reason for de- 
clining it. 'Je mets," said he, 'un prix extreme i voir 
voire attention fixee sur la question qui interesse mon 
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pays; la misere surpasse tout ce que tous pouvcz 
r.' Pamphlets about the plague had been showeral 
3 public, the monotouy of waste paper being broken 
intervala by a more or less useful publication, 
harmacopoeia of the Silkworm,' wrote M. Cor- 

1860, ' is now iLs complicated as that of man 
quids, and solids have been laid under coutribu- 
iora chlorine to sulphurous acid, from nitric acid 
from sugar to sulphate of quinine, — all has beea 
iu behalf of this unhappy insect.' The helpless 
>rs, moreover, welcomed with ready trustfulness 
■w remedy, if only pressed upon them with suffi- 
rdihood. It seemed impossible to diminish their 
iifidence in their blind guides. In 1S63 the French 

of Agriculture himself signed an agreement to 
,000 francs for the use of a remedy which its 
V declared to be infaUible. It was tried in twelve 
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deadlier malady has taken its place. A frequent outward 
Dgn of thie new disease are the black spots wliich cover 
the silkworms, hence the name pebrine, first applied to 
Ithe plague by M, de Quatrefages, and adopted by Pasteur. 
Pebrine declares itself in the stunted and unequal growth 
vi the worms, in the languor of their movements, in their 
itidiousness as regards food, and in their premature 
leath. The track of discovery as regards the epidemic 
s this. In 1849 Gucrin M(5neville noticed in the blood 
f silkworms vibratory corpuscles which he supposed to 
be endowed with independent life. Filippi proved him 
Wrong, and showed that the motion of the corpuscles was 
the well-known Brownian motion. But FUippi himself 
committed llie error of supposing the corpuscles to be 
normal to the life of the insect. They are really the 
e of its mortality — the form and substance of its dis- 
. This was well described by Cornalia ; while Lebert 
ind Frey subsequently found the corpuscles not only 
the blood, but in all the tissues of the insect. Odimo, 
1857, discovered them in the eggs, and on this obser- 
vation Vittadiani founded, in 1859, a practical method of 
distinguishing healthy from diseased eggs. The test often 
broTed fallacious, and it was never extensively applied. 

These corpuscles take possession of the intestinal canal, 
and spread thence throughout the body of the wonn. 
They fill the silk cavities, the stricken insect often going 
through the motions of spinning without any material to 
MlBWer to the act. Its organs, instead of being tilled with 
the clear viscous liquid of the silk, are packed to disten- 
■ioa by the corpuscles. On this feature of the plague 
Pasteur fixed his entire attention. The cycle of the silk- 
worm's life is briefly this : — Fnjm the fertile egg couies 



3»l6 FRAfiMESTS OF SCIEXCE, 

the little worm« which grows; and casts its skiiL This 
process of moultiiig is repeated two or three times at sub- 
s^iiqueDt inierrols during the Ufe of the insect. After the 
lAst moulting the worm cUmbs the brambles placed to 
receive it, and spins among them its cocoon. It passes 
thus into a chrysalis ; the chrysalis becomes a moth, and 
the moth when liberated lays the f$^ which form the 
startir.g-point of a new cycle. Xow Pasteur proved that 
the piague-coq>us:Ies might be incipient in the egg, and 
escape detection; they might also be germinal in the 
worm, and still bsitlle the microscope. But as the worm 
grows, the d.^q^u-^cles grow also, becoming larger and 
m -^re defined. In the aged chrysalis they are more pro- 
nounced than in the worm ; while in the moth, if either 
the ciTir or the worm from which it comes should have 
Kvn at all stricken, the corpuscles infallibly appear, offer- 
ing no diiTioulty of detection. This was the first great 
;vx:.: rnalo out in ISOo bv Pasteur. The Italian naturalists, 
;i> a:' ix^vvM, reoominendovl ilie examination of the ejrgs 
iHioro r;>k:r.:i tluir incubation. Pasteur showe<l that 
lv:h ejjT^ and wonns miglit be smitten and still pass 
n:;;s:or, il;o culture of such eires or such worms being sure 
to en:ail disaster. lie made tlie moth his starting-jK)iut 
in seeking to regenerate the race. 

Pasteur maJe his tii*st communication on this subject to 
the Academy of Sciences in September, 1865. It niiseil 
a cloud of eritioism. Here forsi>otli was a chemist nislily 
quifiinii his proper mitier and presuming to lay down the 
law for the i»hysioian and biologist on a subject which 
was eminently theii-s. ' On trouva etrange que je fusse si 
pen au coin^ant de la question ; on m*op[)osii des travaux 
qui avaient paru depuis longti^mps en Itiilie, dont ks 
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resultats montraicnt I'inutilite de mea efforts, et I'iraposai- 
bilitiJ d'arriver h. un r^ultat pratique dans la direction 
que je m'^tais engaged. Que men ignorance fiit grande 
au sujet des recherches sans nombre qui avaient paru 
depuia quinze ann(5es.' Pasteur beard tbe buzz, but be 
continued bis work. In eboosing tbe eggs intended for 
incubation, the cultivators selected tbose produced in tbe 
successful ' educations' of tbe year. But they could not 
imderstand tbe frequent aud often disastrous failures of 
their selected eggs ; for they did not know, and nobody 
prior to Pasteur was competent to tell tbem, that the 
finest cocoons may envelope doomed corpusculous moths. 
It was not, however, easy to make tbe cultivators accept 
new guidance. To strike their imagination, and if possible 
determine their practice, Pasteur hit upon tbe expedient 
of prophecy. In 1866 be inspected at St. Hippolyte-du- 
Fort fourteen different parcels of eggs intended for incu- 
bation. Having examined a sufficient number of tbe 
moths which produced these eggs, he wrote out the pre- 
diction of what would occur Ln 1867, and placed the 
prophecy as a sealed letter in the hands of tbe Mayor of 
St. Hippolyte. 

In 1867 the cultivators communicated to tbe mayor 
their results. The letter of Pasteur was then opened and 
read, and it was found that in twelve out of fourteen 
cases there was absolute conformity between bis pre- 
diction and tlie observed facts. Many of the groups bad 
perished totally; tbe others had perished almost totally ; 
and this was tbe prediction of Pasteur. In two out of 
die fourteen cases, instead of the prophesied destruction, 
half an average crop was obtained. Now, tbe parcels of 
eggs here referred to were considered beallhy Ijy their 
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owner?. Thev had Ix^en hatched and tended in the firm 
hope that the labour expended on them would prove 
remunerative. The application of the moth-test for a few 
minutes in ISCC would have saved the labour and averted 
tlie dl^ppointment. Two additional parcels of eggs were 
at the <ame time submitted to Pasteur. He pronounced 
them healthy ; and his words were verified by the pro- 
duction of an excellent crop. Other cases of prophe<y 
still moire remarkable, because more circumstantial, are 
recorded in Pasteiu-'s wort 

Pasteur subjected the development of the corpuscles to 
a searching investigation. With admirable skill and com- 
pleteness he examined the various modes by which the 
pliigue is propagated. He obtained perfectly healthy 
wonns from moths perfectly free from corpuscles, and 
selecting fri>m them 10, 20, 30, 50, as the case might be, 
he intnxluced into the worms the corpusculous matter. 
It was first permitted to accompany tlie food. Let us 
i;ikc a -ir.gle example out of many. Eubbing up a small 
4\'n»U!i"ulou> worm in water, he smeared tlie mixture 
I'ver ;ho mulberry k-aves. Assuring himst4f tliat the 
loaves had been eaten, lie watched the consequences from 

oav to dav. Side bv side with the infected worms he 

• • • 

roarc-vl their felh)W<, keeping them as much as i>ossible 
out of the way of infec-tion. These constituted his * lot 
lomoign/ his standard of comparison. On the 16th of 
April, ISGS, he thus infected thirty worms. Up to the 
2oi\l tlioy remained quite well. On the 25th they seemed 
well, but on that day corpuscles were found in the intes- 
tines of two of them. They first form in the tunic of the 
intesiino. On the 27tlK or eleven days after the infected 
ropa-^t, two fro<h worms were examined, and not only was 
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the intestinal canal found in each case invaded, but the 
Bilk organ itself waa found charged with corpuscles. On 
the 28th the twenty-six remaining worms were covered 
by the black spots of pebriue. On the 30th the difference 
of size between the infected and non-infected worms was 
very striking, the sick worms being not more than two- 
thii'da of the size of tlie healthy ones. On the 2nd of 
May a worm which hfid just finished its fourth moulting 
was examined. Its whole body was so filled with cor- 
])uscle8 as to excite astonishment that it could live. The 
disease advanced, the worms died and were examined, 
and on the 1 1th of May only six out of the thirty remained. 
They were the strongest of the lot, but on being searched 
they also were found charged with corpuscles. Not one of 
the thirty worms had escaped ; a single corpusculous meal 
had poisoned them all The standard lot, on the contrary, 
spun their fine cocoons, and two only of their moths were 
found to contain any trace of corpuscles, which had doubt- 
less been introduced during the rearing of the worms. 

As his acquaintance with tlie subject increased, Pasteur's 
desire for precbion augmented, and he finally gives the 
growing number of coipuscles seen in the field of his 
microscope from day to day. After a contagious repast 
the number of worms containing the parasite gradually 
augmented until finally it became cent, per cent. The 
number of corpuscles would at the same time rise from 
to 1, to 10, to 100, and sometimes even to 1,000 or 
1,500 for a single field of his microscope. He then varied 
the mode of infection. He iaoculated healthy worms 
with the corpusculous matter, and watched the consequent 
growth of the disease. He showed how the worms 
inoculate each other by the inlliction of visible wounil^i 
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r^ In Tsnoos esses he wa^ed the daws^ 
jcd j.~c=*i occTccdr^ in ihe wi&ter. He demonstrated the 
icc^afci :c ii-fe:d->i. by ike smple assocuitkm of healthy 
iizii i^^e&^ei vsi-rz:^. The dkessed wchhis sullied the 
jeiTfs ry ibctr ie-e.^rcs. ther a]»> used their daws, and 
=l:^:^':<c in ':>:<h waysL It was no hypothetical 

zm iha: jdlkd the wormsw but a definitely 



crrtr^xi izii 2ic«L&:cd thiE^. He examined the questi<Hi 
:c ^:c^^:c 4: 1 .rsa^^'Or^ and demonstiaied its existenoe. 
ii iic^ j& -iii£t:; 2*c ex>ae^ finom Pasteur s antecedents, 
ii< =rT-esciz:^*:e Ta^ exhasstive* the skill and beauty of 

c ^^'^"-y £ix^ oonelatiTes in the strength 



7-^' f;Lj:'wir:r w:>:<!iaoti from Pasteur's work dearly 
<Cj:^«r< ii.;: r^iib.xi in which his researches stand to this 
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•?!&..>: .^ lif sLT^ • •i'T =->R skilfsl educator, even the most 
:'.->:• r: -. :r->o. TCfT- i- rrvse-c^r ■:: lir^ eduoaiions which pre- 
s: ": * '. J»: >vT.**.«: , nis" i.t:;<:r: :ec ir. :"::r exr^riments : his judgmeut 
*- .. ■,:•,*, -^siJT-V. It: -. r: . n-:: .15 if b-e d.-ndnes himself to the know- 
" :C^\ V : .. : -. rf-*:*Uvl nij ri'sear^h-^Sw The worms will not pre- 

^ - • '■ - -li'r.:t>: fT«:: :: r«e':rlr.e; the microscope will 

. : -: ;,.; :: . :i:>::-:-:: .: c: rr-'-fcl^^ : the mortality of the 
'. .— .v> v "/. > r.-ill r i'-si^rii-v-ant : and the cocoons leave 
v.:..*.",::- *> ir>:rt-i. «>-'^ :':>?tr.-erwciild. therefore, conclude 
A^.:":. ..: h;:>::j:::- :hi: the e^:;r> pr>iuced will be go^ni for 
;v.o-' •?-".'-. T*:.r :n::h is, oii the *.vr.trury, that all the worms 
,t' :V.:ls: r.v.o cr;y.f hjvr r-eei: p:-is,^i:ed : that from the beginning 
-*-;Y vV»rT'.;v. ::; thrir: thr c^rm of the maladv : readv to mul- 
v.v.v ::>v'.:* tw -^A nieasure in the chrysalides and the moths, 

■ -vV t.^ tv»s> iv.::- the ejTirs and smite with sterility the next 
i^v^.orAt^ v.. Ar.d what is the iir>t cause of the evil concealed 
v,v..lvr >N^ vlcVtittVJ an exterior? In our experiments we can, 
. ^ ' - <iv:iv, :^^Uv'h i: with our tin^jer?. It is entirely the effect 
ot ,* ^:v.^^' v\^rjni>v\ilous r«:past ; an effect more or loss prompt 
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according to tlie epoch of life of tbc worm that has eaten the 
puisuDed food.' 

Pasteur descril>es in detail his method of aeciiriiig 
healthy eggs, which ia nothing less than a mode of restor- 
iug to Prance her ancient prospetity in silk husbandry. 
And the justification of his work is to be found in the 
reports which reached him of the apphcatiou, and the 
unparalleled success of his metliod, at the time he was 
putting liis researches together for final publication. In 
France and Italy his metliod has been pursued with the 
most surprising results. It was an up-hill fight which led 
to this triumph, but opposition stimulated Pasteur, and 
thus, without meaning it, did good service. ' Ever,' he says, 
' since the commencement of these researches, I have been 
exposed to the most obstinate and unjust contradictions ; 
but I have made it a duty to leave no trace of these con- 
tests in tliis book.' And in reference to parasitic diseases 
he lises the following weiglity words : ' H est au pouvoir 
de rhomme de faire disparaitre de la surface du globe les 
maladies parasitaires, si, comme c'est ma conviction, la 
doctrine des g^niSrations spontan^es est une chimire.' 

Pasteur dwells upon the ease with which an island like 
Corsica might be absolutely Isolated from tiie silkworm 
epidemic. And with regard to other epidemics, Mr. Simon 
describes the extraordinary exemption of the Seilly Isles 
for the ten years extending from 1851 to 18G0. Of the 
627 registration districts of England, one only had an 
entire escape from diseases which, in whole or in part, 
were prevalent in all the others : 'In all the ten years it 
had not a single death by measles, nor a single death by 
small-pox, nor a single death by scarlet fever. And why? 
Not because of its general sanitary merits, for it hatl an 
average amount of other evidence of unhcalthiucss. 
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tilen'Mon off ita ooqie^ns that it vw iim- 
tlie&frief ^ikiSU%/8l«; to ifliidi it 
JHiprolwHe dwt ai^ fidinile %oiitifpoa ahoald 
iridMNiL And ilB eaaipe k an apfHOiiniatm 
praof &al» at leait fiv dioae ten yean, no frtwitngB^*^ of 

ai^ ooalagiBBi off acarietrCefvery nor any ooa- 
off inaU-poK had anaen ipontaneooaly within ib 
It noj be added that there vere onfy seven 
fSsckts in ^'■g***^ in vfaich no death from diphtheria 
and that, off dioae aeven £aliicta^ the district <# 




A aaoond lanBiDe &enR off alkwQnni^ called in Raaoe 
!• jbckrw; a>existent vidi pArine, but quite dbtinct 
IniBi ii, has abo been inYest^galed. fiioii^ ho wever, has 
been and to send ancfaoff yon as are interested in these 
yaasMK ta the oii^nal ^ofaunes fiv finther infiwmatiQO. 
To one impi>itant practical point M. Pasteur, in a ktter 
vxtoea YD me* directs attention : 

^ IVnaeaes-aot de teimum oes qnelqnes lignes que je dois 
o^«r« Tsixkcn que je sais par la maladie, en vous fiBdsant ob- 
^rr^c ^^ae Tvxsi raidries sorice mux Colonies de la Giande- 
I^'ra^rae en x^pandftnt la connauBance de ce livie, et des prin- 
c:>e« >^ue yecablis tonchant la maladie dea vers & sole. Beau- 
<vx2p de c^s^ colonies pouindent coltiver le morier avec sacods, 
ec en je«ant W Teux sor mon ouvrage yous toos convaincrei 
asMWiettt quil e«t &cile aujourdlim, non-aenlement d'floigoei 
U maladie n^nante, mais en outie de donner aux r^ooltes de 
la Me une piv^peiitiS qu elles n'ont jamais ene.* 

iVi^ and Pn^v^tion of Contagious Matter. 

FkkMT lo I\isteur, the most diverse and contradictoiy 

i^fanktts were eniertmned as to the contagions cha- 

nitfKr iVF pehrine; a>me stoutly affirmed it, others as 

Ml^ denkxl it But cm cue point ajl were agreed 
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'They believed in the existence of a. deleterious medium, 
rendered epidemic by some occult and mysterious 
influence, to wliich was attributed the cause of the 
disease.' Those acquainted with medical literature 
will not fail to observe an instructive analogy here. 
We have on the oue side accomplished writers ascrib- 
ing epidemic diseases to ' deleterious media ' which 
arise spontaneously in crowded hospitals and over ill- 
smelling drains. According to them the matter of 
"epidemic disease is formed de novo in a putrescent atmo- 
sphere. On the other side we have writers, clear, 
vigorous, with well-defined ideas and methods of research, 
contending that the matter which produces epidemic dis- 
ease comes always from a parent stock. It behaves as 
germinal matter, and they do not hesitate to regard it as 
such. They no more believe in tlie spontaneous genera- 
tion of such diseases than they do in the spontaneous 
generation of mice. Pasteur, for example, found that 
p^brine had beeu known for an indefinite time as a dis- 
ease among silkworms. The development of it which he 
combated was merely the expansion of an already exist- 
ing power, the bmsting into open conflagration of a 
previously smouldering fire. There is nothing surprising 
in this. For though epidemic disease requires a special 
contagium to produce it, surrounding conditions must 
have a potent influence on its development. Common 
seeds may be duly sown, but the conditions of temper- 
ature and moisture may be such as to restrict, or 
altogether prevent, the subsequent growth. Looked at, 
therefore, from the point of view of the geinn theory, the 
exceptional energy which epidemic diseo.se from time to 
time exhibits is not out of harmony with the method of 
Haturc. You spractimcs heoi- diphtliciia spoken of as if 
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a new diseaae of the last twenty years ; but Mr. 
L'lla me that from about tiiree centuries ago, when 
lous epiilL'iiilcs of it began to rage in Spain (where 
named GaiTotiUo), and soon afterwards in Italy, 
ase has been well known to all successive genera- 
doctors; and that, for instance, in or about 1758, 
•r, of Liskeard, in a communication to the Eoyal 
particuhirly described the disease, with all the 
!r8 which have recently again become familiar, 
ter the name of morbm strangidatonus, as then 
e|)idemic in Cornwall ; a tact the more iuterest- 
dij»htlieria, in its more modem re-appearance, 
Lowed jiredilection for that remote county. Many 
icve that the Black Death of live centuries ago 
appeared as mysteriously as it came; but Mr. 
finds tiiat it is beheval to be prevalent at tlits 
some of the north-western pai'ts of India. 
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deatli-rate occur from time to time tt^ether in London. 
For, if the special matter or genns of epidemic disorder 
be not preaetit, a corrupt atmosphere, however obnoxious 
otherwise, will not produce the disorder. Corrupted air 
may promote an epidemic, but cannot originate it. On 
the other hand, through the transport of the special germ 
or viriia, disease may develope itself in regions where the 
drainage is good and the atmosphere pure. 

If you see a new tliistle growing in your field you feel 
sure that its seed has been wafted thither. Just as sure 
does it seem that the contagious matter of scarlatina, or 
any other contagious fever, has been transplanted to the 
place where it newly appears. With a clearness and 
conclusiveness not to be surpassed Dr. William Budd has 
traced such diseases from place to place ; showing how 
they plant themselves at distinct foci among populations 
subjected to the same atmospheric influences, just as 
grains of corn might be carried in the pocket and sown. 
Hildebrand, to whose remarkable work, Du Typhus con- 
tagieux. Dr. de Mussy has directed my attention, gives the 
following striking case, both of the durability and tlio 
transport of the virus of scarlatina : ' Un habit noir que 
j'avaia en visitant uue malade attaquee de scarlatine, et 
que je portai de Vienne en Podohe, sans I'avoir mis 
depuis plus d'un an et demi, me communiqua, d^s que 
je fus arrive, cette maladie contagieuse, que je rt'pandis 
cnsuite dans cctte province, oil elle ^tait jusqu'alors 
presque inconnue.' Some years ago Dr. de Mussy himself 
was summoned to a coinitry house in Surrey to see a 
young lady who was suffering from a dropsy, evidently 
the consequence of scarlatina. The original (hsease 
bcicg of a very mild character had been quite over- 
luoked, but cii-cumslances were recorded which could 
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X:e rely nv?ti:>:al cc: sii^zxal sctence b now seeking 
isc>c i2il p:3iaji*^c nvxa ^is genu theonr. Upon it the 
*i:i«:cs: 5vs:c£:: c-c Ph:&a5k>r lister of Edinbunih is 
Kxizoec : i=ji :: :he fifccts be conectlr given, the results 
x^? cxr^.'^'ibaCT. As a]neav3hr stated, the germ theory 
v^" pa;neafcr5kKi inis started by Schwann, but the illustra- 
UOBS 1^ this theoiy adduced by Professor lister are of 

li pabtic UKMnent as not only to justify, but to render 
milivw thoir in t induct ion here. 
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Schwann's obserip-ations, says Professor Lister, did not receive 
the attention which they appear to me to have deserved. The 
fermentation of sugar was generally allowed to be occasioned 
by the torala cereideio: ', but it was not admitted that putre- 
faction was due to an analogous agency. And yet the two 
cases present a very striking parallel. In each a stable chemi- 
cal compoimd, sugar in the one case, albumen in the other, 
undergoes extraordinary chemical changes imder the influence 
of an excessively minute quantity of a substance which, re- 
garded chemically, we should suppose inert. A3 an example of 
this in the case of putrefaction, let us take a circumstance 
often witnessed in the treatment of large chronic abscesses. In 
order to guard against the access of atmospheric air, we used to 
draw off the matter by meana of a canula and trocar, such as 
you see here, consisting of a silver tulie with a sharp-pointed 
steel rod fitted into it, and projecting beyond it. The in- 
strument, dipped in oil, was thnist into the cavity of the 
abscess, the trocar was withdrawn, and the pus flowed out 
through the canula, care being taken by gentle pressure over 
the part to prevent the possibility of regurgitation. The 
canula was then drawn out with due precaution against the 
reflux of air. This method was frequently successful as to its 
immediate object, the patient being relieved from the mass of 
the acciuniilated fluid, and experiencing no inconvenience from 
the operation. But the pus was pretty certain to reaccumulate 
in course of time, and it became necessary again and ^;ain 
to repeat the process. And unhappily there was no absolute 
secmity of immunity from bad consequences. However care- 
fully the procedure was conducted, it sometimes happened, 
even though the puncture seemed healing by first intention, 
that feverish symptoms declared themselves in the course of 
the first or second day, and, on inspecting the seat of the ab- 
scess, the skin was perhaps seen to he red, implying the pre- 
sence of some cause of irritation, while a rapid reaccunaulation 
of the fltud was found to have occurred. Under these circum- 
stances, it became necessary to open the abscess by free incision, 
when a quantity, large in proportion to the size of the abecess, 
eay, for example, a quart, of pus escaped, fetid from putrefac- 
tion. Now, how had this change lieeu brought about ? Without 
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I tlieory, I venture to say, no rational explanation of it 

Bive been given. It must have been caused by the in- 

Till of Bomotbing from without. InQammation of the 

I'd wound, even suppotdng it to have occurred, would 

;iin the phenomenon. For mere inflammation, whether 

chronic, though it occasions the formation of pus, does 

ice putrefaction. The pus originally evacuated was 

■ sweet, and we know of nothing to accouut for the 

la in its quality but the influence of something derived 

1' external world. And what could that something bo ? 

Ijingof the inatniment in oil, and the subsequent pre- 

. prevented the entrance of oxygen. Or even if you 

I few atoms of the gas did enter, it. would be an 

■ inary assumption to make that these could in so short a 

|L'ct such changes in so large a mass of albuminous 

Besides, the pyogenic membrane is abundantly sup- 

llh capillary vessels, through which arterial blood, rich 

s perpetitally flowing ; and there can be little doubt 

I pus, before it was evacuated at all, was liable to any 

d the element might be disposed to exert upon it. 




instance and the vinous fermentation, as regards tlie greatness 
of tlie effect produced, compared with tlie minuteness and tlie 
inertness, chemically speaking, of the cause, you will naturally 
desire further evidence of the similarity of the two procesees. 
You can see with the microscope the torula of fermenting 
must or beer. Is there, you may ask, any organism to be de- 
tected in the putrefying pus ? Yes, gentlemen, there is. If 
any drop of the putrid matter is examined with a good glass, it 
is found to be teeming with myriads of minute jointed bodies, 
called vibrios, which indubitably proclaim their vitality by the 
energy of their muvemeuta. It is not an affair of probability, 
but a fact, that the entire mass of that quart of pus has become 
peopled with living organisms as the result of the introduction 
of the canula and trocar ; for the matter first let out was as free 
from vibrios as it was from putrefaction. If this be bo, the 
greatness of the chemical changes that have taken place in the 
pus ceases to be surprising. We know that it is one of the 
chief peculiarities of living structures that they possess extra- 
ordinary powers of effecting chemical changes in materials in 
their vicinity, out of all proportion to their energy as mere 
chemical compounds. And we can hardly doubt that the 
animalcules which have been developed in the albuminous 
liquid, and have grown at its expense, must have altered its 
constitution, just as we ourselvea alter that of the materials on 
which WB feed,' 

Secured from the danger of putrefaction, it ia amazing 
how, under the handa of a really able surgeon, the 
human fleali and bones may be cut, torn, and crunched 
■with impunity. The accounts of the operations of our 
eminent surgeons reatl like romance. On this, however, 
I must not dwell further than to recommend to yoiu- at- 
tention a case described in the *■ Britisli Medical Journal ' 
for the 14th of January last. In the operations of Pro- 
fessor Lister care is taken that eveiy portion of tissue laid 
bare by tlie knife shall be defended from germs ; that 

' lnl^>^lllol^lrJ■ Lt'ctiite bolfirt! the Uiiiversilj of Kdiiiburgh. 
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all upon tlie woumi they shall be killetl as they fall. 
is in view he showers upon his exposed surfaces Uie 
■ (.liluted carbolic acid, which is particularly deadly 
iTras, and he surrounds the wound in the most care- 
ler with antiseptic bandages. To those accustomed 

experiment it is manifest that we have a strict 
enter here — a man with a perfectly distinct object 

which he pursues with never-tiring patience 
wavering faith. And the result, In his hospital 

as desmbed by himself, has been, that even in 
■I of abominations too shocking to be mentioned 
d in the neighboiu-hood of wards where death 
ipant from pyaemia, erysipelas, and hospital gan- 
was able to keep his patients absolutely free 
"se terrible scourges. Let me here recommend 
attention Professor Lister's ' Introductory Lecture 
[he University of Edinburgh,' which I have 
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in Bimple fracture of the ribs, if the lung l>e punctured by a 
' firagment, the blood effused into the pleural cavity, though 
I freely mixed with air, undergoes no decomposition. The air is 
fometimes pumped int^ the pleural cavity in such abundance 
that, making its way through the wound in the pleura costalie, it 
inflates the cellular tissue of the whole body. Yet this occasions 
no alarm to the surgeon (although if the blood in the pleura 
were to putrefy, it would infallibly occasion dangerous suppur- 
ative pleurisy). Why air introduced into the pleural cavity 
through a wounded lung should have such wholly different 
effects from that entering directly through a wound in the chest 
was to me a complete mystery until I heard of the germ 
theory of putrefaction, when it at once occurred to me that it 
vas only natural that air should be filtered of germs by the air- 
'possages, one jf whose offices is to arrest inhaled particles of 
dnst, and prevent them from entering the air-cella. 

I shall have occasion to refer to this remarkable hypo- 
thecs further on. 

The advocates of the germ theory, both of putrefaction 
and epidemic disease, liold that both arise, not from the 
air» but from something contained in the air. They hold, 
moreover, that ' something ' to be not a vapour nor a 
foreign gas, nor indeed a molecule of any kind, but a 
j/ariicle} The term ' particulate ' has been used in the 
Reports of the Medical Department of the Privy Council 
to describe this supposed constitution of contagious matter ; 
and Dr. Sanderson's expejiments render it in the highest 
degree probable, if they do not actually demonstrate, that 
the virus of small-pox is ' particulate.' Definite knowledge 
upon this point is of exceeding importance, because in 

' .\* regftrds WW, there is priibiibly no ehurp line of diviaion between 
■nijleculee snd particles; the one gradually shttdes iuto tlie atliur, But the 
distinction tliat I would draw ia ihia r— the atom or the nmlecule, if fnw, Eh 
(ilwmjrs pnrt of a gw, the purticlo ia never bo. A pnrticle i» a hit of liquid 
or solid mutter fiinned by the aggrcgntinu of ntoms or molecules. 
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\he trestmcnx of particl^^ methods are available which 
ii wouli be futile to apply to molecules. 

.A/-/-.'uMri.'Fi o/ Luminous Beams to researches of this nature. 

My own interference with this great question, while 
5«i:v '.:oned by eminent names, has been also an object of 
vario\i and ingenious attack. On this point I will only 
say that when feeling escapes from behind the intellect, 
where it is a useful urging force, and places itself in front 
of the intellect, it is liable to produce glamour and all 
manner of delusions. Thus my censors, for the most part, 
have levelled their remarks against positions which I never 
assumed, and against claims which I never made. The 
simple history of the matter is this : — ^During the autumn of 
1S6S I was much occupied with the observations referred 
to at the beginning of this discourse. For fifteen years 
I had habitually employed the electric light, making use 
of the floating dust to reveal the paths of luminous 
beams ; but until 1S6S, when I was driven to it, I did not 
intentionally reverse the process and employ a luminous 
beam to reveal and examine the dust. In a paper 
presented to the Royal Society in December, 18G9, I thus 
described the obser\-ations whioh induced me to give morc 
special attention to the question of spontaneous genera- 
tion and the germ theory of epidemic disease. 

The Floaihuj Matter of the Air. 

Prior to the discovery of the foregoing action (the chemical 
action of light upm vapoiurs), and also during the experiments 
just referred to, the nature of my work compc»lled me to aim 
at obtaining experimental tubes absolutely clean upon the 
surface, and absolutely empty within. Neither condition is, 
however, easily attained. 

For however well the tubes might be washed and pc>lished, 
and however bright and piure they miglit appear in ordinary 
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daylight, the electric beam infallibly revealed signs and tokeos 
of dirt. The air waa always present, and it was sure to deposit 
Bome impurity. All chemical processea, not conducted in a 
vacuum, are open to thia disturbance. When the experimental 
tube waa exhausted it exhibited no trace of floating matter, but 
on admitting the air through the U-tubea containing caustic 
potash and aulphuric acid, a duat-cOTie more or less distinct was 
alwaya revealed by the powerfiilly condensed electric beam. 

The floating motes resembled minutfl particles of liquid 
which had been carried mechanically into the experimental 
tube. Precautions were therefore taken to prevent any such 
transfer. They produced little or no mitigation. I did not 
imagine at the time, that the duat of the external air could find 
Buch free passage through the caustic potash and the Bulphiwic- 
acid tubes. But the motes really came from without. They 
also passed with freedom through a variety of ethers and 
alcohols. In feet, it requires long-continued action on the pari 
of an acid first to wet the motes and afterwards to destroy them. 
By carefully passing the air through the flame of a spirit-lamp 
or through a platinum tube heated to bright redness, the float- 
ing matter was sensibly destroyed. It was therefore com- 
bustible, in other words, orijanic matter. I tried to intercept 
it by a large respirator of cotton-wool. Close preasure was 
necessary to render the wool effective. A plug of the wool 
rammed pretty tightly into the tube through which the air 
passed was finally found competent to hold l>ack the motes. 
They appeared from time to time afterwards and gave me much 
trouble ; but they were invariably traced in the end to some 
defect in the purifying apparatus — to some crack or flaw in 
the sealing-wax employed to render the tubes air-tight. Thus 
through proper care, but Dot without a great deal of searching 
outofdititurbanceB, the experimental tube, even when filled with 
pare air or vapour, contains nothing competent to scatter the 
lighL The apace within it haa the aspect of an absolute vacuum. 

An experimental tube in this condition I call optically empty. 

The simple apparatus employed in these experiments will be 
at once understood by reference to the figure on page 325. S S' 
is the glass experimental tube which has varied in length from 
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1 to 5 [set, uid which ma; he frnm 3 to 3 inch^ in diamc-ter. 
Pn«the«odSthepipepp' jM^eestosnair-pump. Cotinertod 
Tith Uk other end S we have the fiafk F, containing the liquid 
vftttM TSpoiir is td be ezamiiied ; then follows a t'-tube, T, 
filled with fngmenl8 of cle«n glaae wetted with sulphuric aciil : 
tlm » sHXMid IT-tube, T, contJuniQg &agiD«iitE of marble 
wHScd with noEtic pabyh ; wnd finall; a narrow- etiaigbt tube 
( f , contaiai]^ k tolerably tigfatlr fitting plug of cottoD-wooL 
Ta «ve tte ■ifyimp gpagc fioni the attack of such \-apoun U' 
Kt «■ weiuu y, u abo to fiuiilitat« otHerratioo, a ivparaU 

nn^gh the BOffc whi<d. [ie flask F two glass tubes, 

« aad Is paw aiMigfat a end* immediately under 

the mtt ; the tnbe 6, c rr, descends to tJie bottom 

flfthe ii^ and dipe into uid. The end of the tube 6 U 

diswa wot ct) bf to render Ter; small the orifice through which 
Aa air ocapes into the liqoid- 

Tha axperimental tube SS* being exhausted, a cock at tha.. 
md S n eaiefall; tamed on. The air puses elowly through 
tha eottoa wooli the ^nstic potash, and the ^phuric acid in < 
■oroewtt^B, Th'-i" purified it enters the flafk F and bubble* 
thro«^;h the liquid. Charged with vapour it finally passes into 
the expenioental tube, wfaoe it is suboutted to examination. 
Tb« electric lamp L placed at the end of the experimental 
tub^ fnniished the oeoe^aiy beam. 

Wanting the coUoo-wotd the floating matter of the air 
ran the gauntlet of this f^^em. The &ct tbua forced upoD 
my attrition had a bearii^ loo obvious to be overlooked. 
It rendered at once evidait to the senses why air 
filtered throtigh cotton-wool is inccnnp^ent to generate 
ammalcular life. The air is rmdered by this treatment 
<^cally pure; in other words, freed from all floating 
matter, germs included. But the observations also 
revealed the great liability to error in experiments of 
this nature. They showed tJiat without an amount of 
care which was hardly to be expected in all cases, error 
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would be inevitable. It was especially manifest that the 
cliemical method of Schultze might lead to the most 
erroneous consequences ; that neither acids nor alkalies 
had the power of rapid destruction which they had been 
supposed to possess. In short, the" employment of the 
luminous beam rendered evident the cause of success in 
experiments rigidly conducted like those of Pasteur; 
while it made equally evident the certainty of failure m , 
experiments less sevei 13 akilfuUy carried out. ] 

Dr. i oeriments. 

Take, for example, onceived experiments of 

Dr. Hughes Bennett, df jefore the Eoyal Society 

of Surgeons in Edinbu "anuary 17, 1868.' Into 

flasks containing decoc quorice root, hay, or lea. 

Dr. Bennett, by an ing lethod, forced air. The 

air was driven through U-tubes, the one contain- 

ing a solution of caustic potash, the other sulplniric acid. 
' All the bent tubes,' eays Dr. Bennett, ' were filled with 
fragments of pumice stone to break up the air, so as to 
prevent the possibility of any germs passing through in 
the centre of bubbles.' The air also passed tiirough a 
Liebig's bulb containing sulphuric acid, and also through 
a bulb containing gun-cotton. 

It was only natural for Dr. Bennett to believe that his 
bent tubes entirely cut off the germs. Previous to the 
observations just referred to I also believed in their 
competence to do this. But these observations destroy 
any such notion. The gun-cotton, moreover, wall Ml to 
arrest the whole of the floating matter unless it is tightly 
packed, and there is no indication in Dr. Bennett's 
memoir that it was so packed. On the whole, I ahwdd 

< Srituk Mtdical Journal, 13, pt ii. 1666. 
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infer from the mere inspection of the apparatus the veiy 
results which Dr. Bennett lias described — a rctjirdatioii 
of the development of life, a total absence of it in some 
cases, and its presence in others. 

In his first series of cxjwrimonts eight flasks were fed 
with his sifted air, and five with common air. In ten or 
twelve days all the five had fungi in tliem ; whilst it re- 
quired from four to nine months to develope fungi in the 
others. In one case, moreover, even after this interval, 
no fungi appeared. In a second series of experiments 
there was a similar exception. In a third series of ex- 
periments lie abandoned the cork stoppers used in the 
first and second series, and employed glass stoppers. 
Flasks conUiining decoctions of tea, beef, and hay were 
filled with common air, and other fiasks with sifttd air. 
In every one of the former fungi appeared, and in not 
one of tlie latter. These experiments simply ruin the 
doctrine that Dr. Bennett finally espouses. 

In all these cases the prepared air was forced into the 
infusion when it was boiling hot. Dr. Bennett made a 
fourth series of experiments, in which, previous to forcing 
in the air, he permitted the flasks to cool. Into four 
bottles thus treated he forced prepared air, and after a 
time found fungi in all of thein. What is his conclu- 
sion ? Not that the boiling hot liquid employed in his 
first experiments had destroyed such germs as had run 
the gauntlet of his apparatus; but that air which, pre- 
vious to being sealed up, had been exposed to a tempera- 
ture of 212° is too rare to support life. This conclusion is 
so remarkable that it ought to be stated in Dr. Bennett's 
own words. ' It may be easily conceived that air sub- 
jected to a boiling temperature is so expanded as scarcely 
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to merit the name of air, and that it is more or leas unfit 
for the purpose of sustaining animal or vc^^etable lifa' 

Now numerical data are attainable here, and, as a 
matter of fact, I live and flourish for a oonaiderable por- 
tion of each year in air of less density than that which 
Dr. Bennett describes as scarcely meriting the name of 
air ; the Swiss men, women, childr^ flocJcs, herds, tad- 
poles, grasshoppers, flowers, and grasses, do the same, 
while the chamois rears its kids in air rarer stilL 

In a fifth series of e]q>eriments sixteen bottles weie 
filled with infusions. Into four of them, while cold, or- 
dinary unheated and unsifted air was pumped. In these 
four bottles ftmgi were developed. Into four other bottles, 
containing a boiling infiision, ordinary air was also 
pumped — ^no fiingi were here developed. Into four other 
bottles containing an infiision which had been boiled 
and permitted to cool, sifted air was piunped — ^no fim^ 
wore develotx^d. Finally, into four bottles containing a 
boiling infusion sifted air was pumped — no fiingi were 
(loveloped. Only, therefore, in the four cases where the 
infusions were cold infusions, and the air ordinary air, 
did fungi appear. 

Dr. Bennett does not draw from these experiments the 
conclusion to which they so obviously point On them, 
on tlie contrary, their author founds a defence of the 
doctrine of spontanous generation, and a general theory 
of spontaneous development. So strongly was he im- 
pressed with the idea that the germs could not possibly 
pass through his potasli and sulphuric acid tubes, that the 
appearance of fungi, even in a small minority of cases, 
where the air had been sent through these tubes, was 
to him conclusive evidence of the spontaneous origin of 
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such fungi. And he accounts for the absence of life in 
many of his experiments by reaorting to an hypothesis 
which will not bear a moment's consideration. But now 
that we know that organic particles may pass unscathed 
through alkalies and acids, the esperiuients of Dr. Bennett 
are precisely what ought under the circumstances to be 
expected. Indeed, their harmony with the conditions 
now revealed, ia a proof of the honesty and accuracy with 
which they were executed. 

On another point also the hlminous beam will cast a 
light. Pasteur opened flasks upon the Mer de Glace, 
and, being carefiil not to come between the wind and 
his flasks, found the air incompetent, in the great ma- 
jority of cases, to generate life. M. Pouchet repeated 
Pasteur's experiment in the Pyrenees, adding the pre- 
caution of holding the flasks, when they were opened, 
above his head. The luminous beam at once shows us 
the eflect of this additional precaution. Let smoking 
brown paper be placed at the open mouth of a glass 
shade so that the smoke shall ascend and fill the shade. 
A beam sent through the shade forms a bright track 
through the smoke. When the closed fist is placed under- 
neath the shade, a vertical wind of surprising violence, 
considering the small elevation of temperature, rises from 
the hand, displacing by comparatively dark air the illu- 
minated smoke. Such a wind infallibly rose from M. 
Pouchet's body as he held his flasks above his head, and 
thus the precaution of Pasteur of not coming between 
the wind and the flask was annulled. 

Again, in order to utterly destroy all germs M. Pouchet 
produced water from the combustion of hydrogen in 
air; but even in this water he found organisms. Had 
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he seen, however, as you liave, the maaner in which 
tlie air is clouded with floating matter, would he have 
concluded that the deportiueut of wat^r which luid beeu 
permitted to trickle through such air could have the 
least influence in deciding thia great question? I think 
not. Here is a quantity of water protluced and collected , 
by allowing a hydrogen flame to play upon the pohshedl 
bottom of a silver basin, in which ice had been placed. 
Thia water is clear in in 
condensed electric bei 



particles, so thick-stn 
coutinuous cone of 
the water loaded 
became charged with 
Let me now draw 
ment of Pasteur, 
containing a decoction 



nmon light ; but iu the 
seen to be laden with 
minute, as to produce a 
passing througli the air 
lis matter, and doubtless J 
life. 1 

ntion to anotlier esperi- ' 
1 twenty-one flasks, each 
ast, filtered and clear. He 



boiled the decoctiou, so as to destroy whatever germs it 
might contain, and while the space above the hquid was 
filled with pure steam he sealed his flasks with a blow-pipe. 
He opened ten of them in the deep, damp caves of the 
Paris Observatory, and eleven of them in the courtyard 
of the establishment. Of the former, one only showed 
signs of life subsequently. In nine out of the ten flasks 
no organisms of any kind were developed. In all the 
others oiganisms speedily appeared. 

Now here is an experiment conducted in Paris ; let us 
see whether we cannot throw hght upon it in London. I 
place this large flask in the beam, and you see the luminous 
track crossing it from side to side. The flask is filled with 
the air of this room, chained with its germs and its dust, 
and hence capable of illumination. But here is another 



siuiilar flask, which cuts a clear gap out of the beam. It 
is filled with unfiltereU air, and still no trace of the beam 
is visible. Wliy ? By pure accident I stumbled on this flask 
in our apparatus room, where it had remained quiet for 
some time. Here are three other flasks which have also 
been kept quiet for a couple of days ; they are all optically 
empty. The still air of the flasks has deposited its dust, 
germs and all, and is itself practically free from suspended 
matter. Hence, manifestly, the result of Pasteur, 

I have had a chamber erected, the lower half of which 
is of wood, its upper half being enclosed by four glazed 
window-frames. The chamber tapers to a truncated cone 
at the top. It measures in plan 3 ft. by 2 ft. 6 in., and 
its height is 5 ft. 10 in. On the Gth of February this 
chamber was closed, every crevice that could admit dust, 
or cause displacement of the air, being carefully pasted 
over with paper. The electric beam at first revealed 
the dust within the chamber as it did in the air of the 
laboratory. The chamber was examined almost daily; 
a perceptible diminution of the floating matter being 
noticed as time advanced. At the end of a week the 
chamber was optically empty, exhibiting no trace of 
matter competent to scatter the light. But where the 
beam entered, and where it quitted the chamber, the 
white circles stamped upon the interior surfaces of the 
glass showed what had become of the dust. It clung to 
those surfaces, and from them instead of from the air, the 
light was scattered. K the electric beam were sent through 
the air of the Paris caves, ihe cause of its impotence as 
generator of life would, I venture to predict, be revealed. 

These experiments illustrate the application of a lumi- 
nous beam to researches of this kind. They prove that 
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the germs which produce infusorial and fiingoid life share 
the fate of the ordinary visible dust with which ihey are 
intermixed ; that such germs attach themselves to the sides 
of vessels, and £eJ1 gradually to the bottom of spaces 
filled with perfectly still air. But I will now turn to 
a far more interesting application of the luminous beam 
than any hitherto described. My reference to Professor 
lister's interpretation of the &ct that air which has passed 
through the lungs cannot produce putre&ction is fresh in 
your memories. He there assumed that the air was ren- 
dered innocuous by the filtering action of the lungs. Can 
this filtering process be taken out of the r^on of assump- 
tion and placed in that of demonstration ? It can. 

Here is the concentrated beam witli which we ope- 
rated at the commencement of this discourse. Its track 
through the dust is luminous, and you have seen the 
blackness introduced when the dust is burnt, or other- 
wise removed. I fill my lungs with ordinary air and 
breathe through a glass tube across the beam. The con- 
densation of the aqueous vapour of the breath is here 
shown by the formation of a luminous- white cloud of 
delicate texture. It is necessary to abolish this cloud, 
and this may be done by drying the breath previous to its 
entering the beam ; or, still more simply, by warming the 
glass tube. When this is done the luminous track of the 
beam is for a time uninterrupted, because the dust retm-n- 
ing from the lungs makes good, in great part, the particles 
displaced. After some time, however, an obscure disc 
appears in the beam, the darkness of which increases, imtil 
finally, towards the end of the expiration, the beam is, as 
it were, pierced by an intensely black hole, in which no 
particles whatever can be discerned. The deeper air of 



DUST AKD DISEASE. 



33; 



the lung3 is absolutely free from suspended matter. It 
is therefore in the precise condition required by Pntfessor 
lister's explanation. This experiment may be repeated 
any number of times with the same result. I think it 
must be regardetl as a crowning piece of evidence both 
of the correctness of Professor Lister's views and of the 
impotence, as regards vital development, of optically pure 

CoUon-wool Respirator. 
I now empty my lungs as perfectly as possible, and 
placing a handful of cotton-wool against my mouth and 
nostrils, inhale through it. There is no dilTiculty in thus 
fiUhig the lungs with air. On expiring this air through 
a glass tube, its freedom from floating matter is at once 
manifest. From the very beginning of the act of expi- 
ration the beam is pierced by a black aperture. The 
first puff from the lungs abolishes the illuminated dust, 
and puts a patch of darkness in its place ; and the 
darkness continues throughout the entire course of the 
expiration. When the tube is placed below the beam 
and moved to and fro, the same smoke-like appearance 
as that obtained with a flame is observed. In short, 
the cotton-wool, when used in sulficient quantity, and 
with due care, completely intercepts the floating matter 
on its way to the lungs.' 

' Since the first publication of tbeso results Proressor I.ietcr hns avfuled 
himself of the filtering power of cotton-wool in the trentnipnt of wounds. 
Ha firet deatroya the germs adhering to the wool, and by n proper lotion 
lilla those tbftt may be seattered on the flesh. The cleiuieed wool placed 
upon tlio wound pennila of t. free dilFusiou of thn nir, hut enlir.>l_v inlercepta 
the germs, and thus kteps the blood perfectly sweet. It is liere esMotiiJ 
that no mnlter from the wound should reach the outside sir, for such matter 
would open ft bi^liwnj' to Iho or^niii^ms. 
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The application of these experiments is obvious. If a 
physician wishes to hold back from the lungs of his 
patient, or from his own, the germs or virus by which 
contagious disease is propagated, he will employ a cotton- 
wool respirattir. If perfectly filtered, attendants may 
breathe the air unharmed. In all probabiHty the pro- 
tection of tlie lungs and mouth will be the protection of 
the entire system. For it is esceediugly probable that the 
germs whidi lodge in t' " ' ages, or find their way 

with the saliva latothp ith its absorbent system, 

are those which son pidemic disease. If this 

be 80, then diseast iff by carefully prepared 

filters of cotton-wo most willing to test their 

efficacy in my own pei apart from all doubtful 

applications, it is pe n that various noxious 

trades in England may ^d harmless by the use 

of such filters. I have iclusive evidence of this 

from people engaged in such trades, A form of respirator 
devised by Mr. Garrick, a hotel proprietor in Glaagow, 
in which inhalation and exhalation occur through two 
different valves, the one permitting the air to enter through 
the cotton- wool, and the other permitting the exit of the 
air direct into the atmosphere, is well adapted for tbb 
purpose. But other forms might readily be devised. 

Fireman's Respirator. 

Smoke is often the fireman's greatest obstacle in his 
efforts to save life ; I thought therefore of inventing a 
respirator for the use of firemen. Schroeder was the first 
to use cotton-wool as a filter. To catch the atmospheric 
germs, M. Pouchet employed a film of adhesive gly- 
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ceriue spread upon glass; while Dr. Stenhouse turned 
charcoal to importaut account in respirators. By a com- 
bination of all three a respirator of peculiar efficacy is ob- 
tained. For the smoke of dried leaves the cotton-wool 
alone was found an adequate protection ; but for the far 
more pungent smoke of resinous deal it was found totally 
inadequate, At the suggestion of a friend I moistened the 
■wool with glycerine, and found it a great improvement. 
It was the notion of Pouchet in another form. Still 
about 0ve minutes in dense smoke was all that could be 
endured, I then associated fragments of charcoal with 
the moistened cotton ; the effect was excellent.^ Armed 
with a respirator of this kind, one can breatlie without 
annoyance in a space so crammed with smoke that a 
single inhalation without the respirator would be in- 
tolerable. I wrote to the chief officer of the Metropoli- 
tan Fire Brigade, asking him wliether such a respirator 
would be useful. He replied to me that it would, but 
added tliat he was aware of every invention of the kind 
in all the countries of Europe, and that none had 
been found of any use. At my invitation he was kind 
enough to come to tlie Eoyal Institution with two fire- 
men and an assistant. The three latter, wearing such 
respirators, went in succession into the smoke-filled space, 
and on returning stated that they had not experienced the 
slightest discomfort, that they could have remained there 
nil day long. Captain Shaw himself repeated the ex- 
periment with the same result. I am confident that sooner 
or later this respirator will be employed, to the great 
benefit of a class of men whose actions in critical cir- 
cumstances I have of[«n had occasion to admire. 

' "^r. I.BcUl, of Dedli Street, mnkes Ibese reapiratorn. 
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Application of Luminous Beams to Water. 

The method of examination here pursued is also apjdi- 
cable to water. It is in some sense complementoiy to 
that of the microscope, and may I think materially aid 
enquiries conducted with that instrument In micro- 
scopic examination attention is directed to a small portioD 
of the liquid, and the aim is to detect the individual 
suspended particles. By the present method a lai]ge 
portion of the liquid is illuminated, its general condition 
beiQg revealed, through the light scattered by suspended 
particles. Care is taken to defend the eye from the 
access of all other light, and thus defended, it becomes 
an organ of inconceivable delicacy* Indeed, an amount 
of impurity so infinitesimal as to be scarcely expresaiUe 
in nimibers, and the individual particles of which are so 
small as wholly to elude the microscope, may, whai 
examined by the method alluded to, produce not only 
sensible but striking effects upon the eye. 

I take, for instance, this bottle of water intended to 
quench your lecturer's thirst. In the track of the beam 
it simply reveals itself as dirty water. So you see that we 
are invaded with dirt not only in the air we breathe, but 
in the water we drink. And this water is no worse than 
the other London waters. Thanks to the kindness of 
Professor Fraukland, I have been furnished with speci- 
mens of the water of eight London companies. They are 
all laden with impurities mechanically suspended. But 
you will ask whether filtering will not remove the sus- 
pended matter ? The grosser matter, undoubtedly, but 
not the more finely divided matter. Here is water which 
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has been passed four times through a filter of bibulous 
paper, but it is still laden with fine matter. Here alao is 
a bottle kindly sent me by Mr. Lipscomb, and passed 
once througli his charcoal filter. But the track of the 
beam through it is more luminous than through air, 
because the quantity of matter suspended in the water is 
greater than that suspended in air. Here is another 
specimen courteously sent to me by the Silicated Carbon 
Company. All the grosser matter has been removed, 
but it is thick with fine matter. Niue-tentlis of the light 
scattered by these particles is perfectly polarised in a 
direction at right angles to the beam, and this release of 
the particles from the ordinary law of polarisation is a 
demonstration of their smallness. I should say by far 
the greater number of the particles concerned in this 
scattering are wholly beyond the range of the microscope, 
and no ordinary filter can intercept them. There is an 
lesthetic pleasure in the drinking of a glass of cold 
sparkling water, and I fear these experiments will destroy 
this pleasure if you ever enjoyetl it. And it is nest to 
impossible by artificial means to produce a pure water. 
Mr. Hartley, for example, some time ago distilled water 
while it was siurounded by hydrt^en, but the water 
was not free from floating matter. It is so hard to 
be clean in the midst of dirt. Here, however, is an 
approach to pure water. It is from the Lake of Geneva, 
and the bottle was carefully filled for me by my dis- 
tinguished friend Soret. The track of the beam through 
it is of a delicate sky blue ; there is scarcely a trace of 
grosser matter. 

The purest water that I have seen — probably the purest 
which has been seen hitherto — has been obtained from 
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;le w>Ccr ;LS20CJieh' pure. When the concentrated beam is 

<^c: tlrc-^^ it the track of the beam is not invisible, but 

vsf lie iiiv>?; exquisitdy deliciie bhie. This blue is purer 

thsui that of the sky, so that the matter which produces it 

mus; be finer than that of the sky. It may be, and indeed 

has been, contended that this blue is scattered by the very 

molecules of the water, and not by matt» suspended in 

ik But when we remember that this perfection of blue 

is approached gradually through stages of less perfect 

Wue : and when we consider that a blue in all respects 

similar is demonstrably obtainable from particles mecha- 

ttutiUv susiK^ndeiU we should hesitate, I think, to conclude 
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that we have arrived here at the last stage of purification. 
The evidence, I think, points distinctly to the conclusion 
that could we push the process of purification still furtlier, 
even this last delicate trace of blue would disappear. 



Cfialk Water. Clark's Softening Process. 

But is it not possible to match the water of the Lake 
of Geneva here in England ? Undoubtedly it is. We 
have in England a kind of rock -which constitutes at once 
an exceedingly clean recipient and a natural filter, and 
from which we can obtain water extremely free from me- 
clianical impurities. I refer to the chalk formation, in 
which large quantities of water are held in store. Our 
chalk hills are in most cases covered with thin layers of 
soil, and with very scanty vegetation. Neither opposes 
much obstacle to the entry of the rain into the chalk, 
where any organic impurity which the water may carry 
in is soon oxidised and rendered harmless. Those who 
have scampered like myself over the downs of Hants and 
Wilts will remember the scarcity of water in these regions. 
In fact, the rainfall. Instead of washing the surface and 
collecting in streams, sinks into the fissured chalk and 
percolates through it, and when this formation is suitably 
tapped we obtain water of exceeding briskness and purity. 
Uere is a large globe filled with the water of a well near 
Tring. It is wonderfully free from mechanical impurity ; 
indeed, it stands to reason that water wholly withdrawn 
fi'ora surface contamination and percolating through so 
clean a substance should be pure. Sending a beam 
through tills glass of water its purity is conspicuous ; you 
see the track of the beam, but it is not the thick and 
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muddy track revealed in London waten. It has been a 
subject much debated whether the supply of excellent 
water which the chalk holds in store could not be ren- 
dered avidlable for London. Many of the most eminent 
engineers and chemists have ardently recommended this 
source, and have sought to show that not only is its 
purity unrivalled but that its quantify is practically inex- 
haustible. Data sufficient to test this are now, I believe, 
in existence ; the number of weUs sunk in the chalk is so 
considerable and the quantify of water which they yield 
is so well known. 

But this water, so admirable as regards fieedom from 
mechanical impurity, labours under the disadvantage of 
being very hard. It is rendered hard by the laige 
quantity of carbonate of lime which it holds in sdiutioiL 
The chalk water in the neighbourhood of Watford holds 
in solution about seventeen grains of carbonate of lime per 
gallon. This, in the old terminology, used to be called 
seventeen degrees of hardness. Now this hard water is bad 
for tea, bad for washing; it furs your boilers, because 
the lime held in solution is precipitated by boiling. If 
the water be used cold its hardness must be neutralised 
at the expense of soap before it will give a lather. 
These are serious objections to the use of chalk water 
in London. But they are now successfully met by 
the experimental demonstration that such water can be 
softened inexpensively, and on a grand scale. I had 
long known the method of softening water called Clark's 
process, but not until recently, imder the guidance of 
Mr. Homersham, did I see proof of its larger applications. 
The chalk water is softened for the supply of the city of 
Canterbury ; at the Chiltem Hills it is softened for the 
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supply of Tring aiid Aylesbury. Caterham also enjoys 
the luxury. 

I have visited all these places, and made myself 
acquainted with the works. At Canterbury there are 
three reservoirs covered in and protected by a concrete 
roof and layers of pebbles both from the summer's heat 
and the winter's cold. Each reservoir contains 120,000 
gallons of chalk water. Adjacent to these reservoirs are 
others containing pure slaked lime — the so-called ' cream 
of lime.' These are filled with water, the lime and water 
being thoroughly mised by air forced in by an engine 
through apertures in tiie bottom of the reservoir. The 
water thus well mixed with the lime soon dissolves all of 
thb substance that it is capable of dissolving. The Ume 
is then allowed to subside to the bottom, leaving a 
perfectly clear lime water behind. 

The object is now to soften the chalk water. Into tlie 
empty reservoir is introduced a certain quantity of the 
clear lime water, and after this about nine times the 
quantity of the chalk water. The transparency imme- 
diately disappears — the mixture of the two clear hquids 
becomes thickly turbid. The carbonate of hme is pre- 
cipitated, and the precipitate ia permitted to subside; 
it is crystalhne and heavy, and therefore sinks rapidly. 
In about twelve hours you find a layer of pure white 
carbonate of lime at the bottom of the reservoir, 
■with a water of extraordinary beauty and purity over- 
head. A few days ago I pitclied some half-pence into 
a reservoir sixteen feet deep at the Chiltern Ililla. The 
sixteen feet hardly perceptibly dimmed the coin. Had 
I cast a pin in, it could, I am persuaded, have been seen 
at the bottom. By this process of softening the water 
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L-d from about suvcnteen degrees of hardness to 
grces of hardness. It yields a lather immediately, 
pt'niture is constant throughout the year. In the 
Slimmer it i8 cool, its temperature being twenty 

above the freezing point ; and it does not freeze 
r if conveyed in proper pipes. It is not exposed 
Diitamination of either earth or air. The reservoirs 
Ted ; a leaf cannot blow into the water, no surface 
nation can reach it, it passes direct from the main 

house tap ; no cisterns are employed, the supply 
-s fj-esii and pure. It is highly charged with air. 
lie kind of water which is supplied to the fortunate 
if Tring, Caterham, and Canterbury. 
le in conclusion remind you that I do not consider 
iting matter revealed by the electric beam to 
iriiif/ matter. I believe that only in exceptional 
iich as those cited in the excellent reports of 



DUST AM) DISEASE. 343 

these particles to scatter light, nor that the means by 
which the visible floating dust of our air is arrested, and 
which demonstrably arrest with it the germs of various 
forma of fungoid and auimalcular life, includinj; those 
concerned in the phenomena of putrefaction, will also be 
found effectual in arresting contagium. 



The following extract from a private letter written to 
me by Dr. William Budd, is so important, and its reasoning 
is so clear, that I asked and obtained the permission of 
its exceedingly able writer to publish it. 

' Another point of great practical importance is, as far 
as possible, to appraise the respective shares which air 
and water take in the great act of distribution. That both 
cholera and typhoid fever are sometimes disseminated by 
drinking water has been amply proved. I have myself 
related many instances of the fact, and have in ray notes 
the record of many others still more striking. But that 
water is the sole or even the chief vehicle of cholera and 
typhoid is a notion which, if I may trust my own ex- 
perience, facts do not warrant. 

' Limiting myself, for the moment, to the case of typhoid, 
I am in a position to state that all the worst and most 
widespread outbreaks of that fever which I have ever 
witnessed, have occurred among communities supjilied by 
drinking water which was absolutely blameless. Two 
illustrations will suffice. 

* I hve in a town in which the divorce between sewage 
and drinking water has long been consummated. Bristol 
13 suppUed witli drinking water which from its source in 
the Mendips to the tap from which it is delivered under 
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and by chemical analysis, to be entirely free from sewage 
contamination. 

' 2. The inmates of another large division of the convent, 
who remained entirely free from fever, drank the same 
water as the girls among whom fever was raging like a 
plague. 

' 3. From the very time when disinfection was brought 
to bear on the excreta the disease ceased to spread, 
although the inmates of the infected division continued to 
drink the same water as before. 

* Lastly, nothing has since been done to the well — the 
water remains what it was — but no fever has occurred in 
the convent since. 

' The evidence in both these cases is, as you see, of that 
crucial, decisive order that admits of no reply. 

* They show, at least, that typhoid fever may do its worst 
where drinking water takes absolutely no part in the 
distribution of the poison. 

' But if water be excluded, the air is the only other 
possible vehicle by which a poison generated in the living 
body can find its way back to other living bodies on a 
scale sufficiently large to cause the resulting disease to 
assume an epidemic form. 

' I may remark further that the infection of the air in 
these two cases was obviously not the work of chance, 
but only represented the eCFect of agencies which are 
always in oi)erat!on where this fever prevails. 

' The phenomenon is, in fact, merely the expression of a 
general law. 

' The germs cast off m the liquid excreta of contagious 
diseases rise into the air by no power of their own, but 
in virtue of the very same physical conditions which cause 
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the germs of the great tribe of Infusorial which, as their 
name bespeaks, breed in liquids, to rise in swarms into 
the same medium. 

* If there were time or need, I could show, by evidence 
quite as decisive, that all these statements app^ equaUy 
to cholera also. 

^ I do not know that there is anything in these data to 
suggest additional matter for your essay, but I have 
thought it worth while to bring them under your notice» 
harmonising as they do with your own investigations 
which show by such striking phenomena that ur and 
water are equally objects of distrust. 

* As to the germ theory itself that is a matter on which 
I have long since made up my mind From the day 
when I first began to think upon these subjects, I have 
never had a doubt that the specific cause of contagious 
fevers must be living organisms. 

' It is impossible, in fact, to make any statement bearing 
upon the essence or distinctive characters of these fevers, 
without using tenns which are of all others the most di^- 
Hnctive of life. Take up the writings of the most violent 
opponent of the germ theory, and, ten to one, you will 
find them full of such terms as " propagation,*' " self-pro- 
pagation,'' " reproduction," " self-multipUcation," and so 
on. Try as he may — if he has anything to say of these 
diseases which is characteristic of them — ^he cannot evade 
tlie use of these terms or the exact equivalents of them. 
Wliile perfectly applicable to life and to living things, 
these terms express qualities whicli are not only inapplic- 
able to common chemical agents, but, as far I can see, 
actually inconceivable of them.' 
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UsDEHTAKEN ajid esGCuted iu a reverent and loving 
spirit, the work of Dr. Bence Jonea makes Paraday the 
virtual writer of his own hfe. Everybody now knows 
the story of the philosopher's birth ; that his father was 
a smith; that he was bom at Newington Butts in 1791 ; 
that he shd along the London pavements, a bright-eyed 
errand boy, with a load of brown curia upon his head 
and a packet of newspapers under his arm ; that the lad's 
master was a bookseller and bookbinder — a kindly man, 
who became attached to the little fellow and iu due time 
made him his apprentice without fee ; that during hia 
apprenticeship he found his appetite for knowledge pro- 
voked and strengthened by the books he stitched and 
covered. Thus he gi'ew in wisdom and stature to his 
year of legal manhood, when he appears in the volumes 
before us as a writer of letters, which reveal his occupa- 
tion, acquirements, and tone of mind. His correspondent 
was Mr. Abbott, a member of the Society of Friends, 
who, with a forecast of his friend's greatness, preserved 
his letters and produced them at the proper time. 

In later years Faraday always carried in his pocket a 
blank card on which he jotted down in pencil hia thoughts 
and memoranda. He made his notes in the laboratory, 
in the theatre, and in the streets. This distrust of his 
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reveals itself in his first letter to Abbott. To a 
(»ii that no new enquiry should be started between 
fore the old one had been exhaustively discussed, 

objects. ' Your notion,' he saj-s, ' I can hardly 
r the following reason : ideas and thoughts spring 
ly mind wliicli arc irrevocably lost for want of 
t the time.' Gentle as he seemed, he wished to 
j own way, and lie had it throughout his life. 
■es of opinion aometimes arose between the two 
iind llien they resolutely faced each other. •! 
iiur offer to fight it out with joy, and shall in the 

oxperience cause not pain, but, I hope, pleasure.' 
notes his own impetuosity, and incessantly 
. There is at times something mechanical in his 
;iint. In another nature it would have hardened 
,' 'correctness' of conduct; but his overflowing 
■ prevented this in his case. The habit became 




exclusion of tliose that are frivolous.' Plainly he had 
fallen into that stern Puritan mood wliich not only cru- 
cifies the flesh, affections, and lusts of him who harbours 
it, but is often a cause of disturbed digestion to his friends. 
About three months after his engagement with De la 
Eoclie, Faraday quitted liini and bookbinding together. 
He had heard Davy, copied his lectures, and written to 
him entreating to be released from Trade which ho hated 
and enabled to pursue Science. Davy recognised the 
merit of his correspondent, kept his eye upon him, and 
when occasion offered, drove to his door and sent in a 
letter offering him the post of assistant in the laboratory 
of the Eoyal Institution. He was engaged upon March 1, 
1812, and on the 8th we find him extracting the sugar 
from beet-root. He joined the City Philosophicid Society 
which had been founded by Mr. Tatum iu 1808. * The 
discipline was very sturdy, the remarks very plain, and 
the results most valuable.' Paraday derived great profit 
from this little association. In the laboratory he had a 
discipline sturdier still. Both Davy and himself were at 
this time cut and bruised by explosions of chloride of 
nitrogen. One explosion was so rapid ' as to blow ray 
hand open, tear away a part of one nail, and make ray 
fingers so sore that I cannot use them easily.' In another 
experiment ' the tube and receiver were blown to pieces, 
I got a cut on the head, and Sir Humphry a bruise on 
his hand.' And again speaking of the same substance, 
he says, ' when put in the pump and exhausted, it stood 
for a moment, and then explotled with a fearful noise. 
Both Sir H. and I had masks on, but I escaped this time 
the best. Sir H, had his face cut in two plae^es about the 
cliin, and a violent blow on the forehead slrui^k thnnigh 
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This was hb deaze lo see ftds, and not to rest contented 
with the descr^MioDS of them. Hie freqpientl j pits the 
eye i^ainst the ear, and affiims the enonnoos saperioritj 
c^ the <Nrgan of Tision. Lite in life I have heard him say 
that he ooold never fbllj ondentand an eaqieriment untQ 
he had seen it. But he did not confine himaplf to e^ieri- 
ment He aspired to be a teadi«, and reflected and wrote 
upon the method of sdentific exposition. *Alectuier/he 
obseives, ^diould appear easjr and collected, nndamited 
and miconcemed :* still *his whole behaviour should 
evince respect for his audience.' These recommendatioDa 
were afterwards in great part embodied by himaftlf I 
doubt his uncoucem, but his fearlessness was often mani- 
fested. It used to rise within him as a wave, which 
carried both him and his audience along with it. On 
rare occasions also, when he felt himself and his subject 
hopelessly unintelligible, he suddenly evoked a certain 
recklessness of thought, and without halting to extricate 
his bewildered followers, he would dash alone through 
the jungle into which he had im wittingly led them ; thus 
saving them from ennui by the exhibition of a vigour 
which, for the time being, they coidd neither share nor 
comprehend. 

In October, 1813, he quitted England with Sir Hum- 
phry and Lady Davy. During his absence he kept a 
journal, from which copious and interesting extracts have 
been made by Dr. Bence Jones. Davy was considerate. 
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preferring at timea to be hie own servant rather than 
impose on Faraday duties which he disliked. But Lady 
Davy was the reverse. She treated him as an underhng ; 
he chafed under the treatment, and was often on the point 
of returning home. They halted at Geneva. De la Eive 
the elder had known Davy in 1799, and by his writings 
in the ' Bibliotheque britanniquo,' had been the first to 
make the English chemist's labours known abroad. He 
welcomed Davy to his country residence in 1814. Both 
were sportsmen, and they often went out shooting 
together. On these occasions Faraday charged Davy's 
gun, while De la Eive charged his own. Once the 
Genevese philosopher found himself by the side of Faraday, 
and in his frank and genial way entered into conversation 
with the young man. It was evident that a person 
possessing such a cliarm of manner and such high in- 
telligence could be no mere servant. On enquiry De la 
Eive was somewhat shocked to find that the soi-disant 
domesiique was really preparaleur in the laboratory of 
the Royal Institution ; and he immediately proposed that 
Faraday thenceforth should join the masters instead of 
the servants at their meals. To this Davy, probably out 
of weak deference to his wife, objected ; but an aiTange- 
ment was come to that Faraday thenceforward should 
have his food in his own room. Rumour stales that a 
dinner in honour of Faraday was given by De la Rive. 
This is a delusion ; there was no such banquet ; but 
Faraday never forgot the kindness of the friend who stiw 
his merit when ho was a mere gnrr^on de laboratoireJ 

' While conHoed last autumn atOenevaby the effects of a fsll inthcilps, 
mj frienthi, with a tfindnesd I can never forget, did nil thut friendabip could 
eaggeat to render m; cnpLivitj pleeoint to me. M. de la Rive then nroto 
out for me the full accoimt, of which the foregoing is a condensed absiract. 
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lurncd in 1816 to the Eoyal Insdtation. Ha« 
1.(1 Davy for years ; he worked also for him- 
1 lecturt:il frequently at the Ci^ Ftuloeophical 
Uc took lessons in elocution, happily wilhoot 
to his natural force, eanieatness, and grace of 
. lie was never pledged to theory, aitd he 
in opinion a3 knowledge advanced. With him 
^,'rowLli. In those early lectures we hear him 
knowledge, that man only is to be contemned 
;|.itti'd wlio is not in a state of transition.' And 
' Nothing is more difhcult and requires more 
lliitii philosophical deduction, nor is there any- 
i>ro adverse to ita accuracy than fixity of opinion.' 
1 he was wnfted about by every wind of doctrine ; 
lie uiiitc'd flexibility with his strength. Instrikinft 
witli lliis intellectual expansiveness is his fixity 
ion, but this is a subject which cannot be dis- 
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destjny. It was through them that he became acquainted 
with one who inspired him with a feeling which only 
ended with his life. His biographer Iiaa given us the 
means of tracing the varjang moods which preceded his 
acceptance. They reveal more than the common alter- 
nations of light and gloom ; at one moment he wiahea 
that his 0esh might melt and he become nothing ; at 
another he is intoxicated with hope. The impetuosity of 
liis character was then unchastened by the disciphiie to 
which it was subjected in after-years. The very strength 
of his passion proved for a time a bar to ite advance, sug- 
gesting as it did to the couscientious mind of Miss Barnard 
doubts of her capability to return it with adequate force. 
But they met again and again, and at each successive 
meeting he found his heaven clearer, until at length he 
was able to say, ' Not a moment's alloy of this evening's 
happiness occurred. Everything was delightful to the 
last moment of my stay witli my companion, because she 
was so.' The turbulence of doubt subsided, and a calm 
and elevating confidence took its place. ' Wliat can I 
call myself,' he writes to her in a subsequent letter, ' to 
convey most perfectly my affection and love for you 
■Can I or cau truth say more than that for this world I 
am yours ? ' Assuredly lie made his prof&ssion good, and 
no fairer light falls upon his character than that which 
reveals his relations to his wife. Never, I beheve, existed 
a manlier, purer, steadier love. Like a burning diamond 
it continued to shed, for six-and-forty years, its white and 
smokeless glow. 

Faraday was married on June 12, 1821 ; and up to 
this date Davy appears throughout as his friend. Soon 
afterwards, however, disunion occurred between them. 
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which, wliile it lasted, must have given Faraday intense 
pain. It is irai>ossible to doubt the honesty of conviction 
with which thifl subject has been treated by Dr. Bence 
Jones, and there may be facts known to him, but iiol 
appearing in these volumes, which justify his opinion that 
Davy in tliose days had become jealous of Faraday. 
This, which is the prevalent belief, is also reproduced in 
an excellent article in the March number of ' Fraser's 
Magazine.' But the be 
fidls to present Davy in 
regard them, are briel 

111 1820, Oersted oi . 
discovery wliich couiiec 
immediately afterwards 
ceived tliat a wire cs 
round its own axis ii 
Itt 1821 he tried, bui i 



is I can make of the data 
it to me. The facts, as I 
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.gen made the celebrateSii 
city widi magnetism, and 
e mind of Wollastun [wr- 
» cuntnt ought to rotate 
luence of a magnetic pole. J 
*j reah.se this result in the ^ 
laboratory of the Eoyai Institution. Faraday was not 
present at the moment, but he came in immediately after- 
wards, and heard the conversation of Wollastrai and 
Davy about the experiment He had also heard a 
rumour of a wager that Dr. Wollaston would eventually 
succeed. 

This was in Apiil. In the autumn of the same year 
Faraday wrote a history of electro-magnetiBm, and re- 
peated for himself the experiments which he desciibed. 
It was while thus instructing himself that he succeeded ia 
causing a wire carrying an electric current to rotate round 
a magnetic pole. This was not the result sought hj 
Wollaston, but it was closely related to it. 

The strong tendency of Faraday's mind to look upcai 
the reciprocal actions of natural forces gave birth to bia 
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greatest discoveries ; and we, who kuow this, should be 
justified in concluding that, even had Wollaston not pre- 
ceded him, the result would have been the same. But in 
judging Davy we ought to transport ourselves to his time, 
and carefully exclude from our thoughts and feelings that 
noble subsequent life which would render simply impos- 
sible the ascription to Faraday of anything unf^r. It 
would be unjust to Davy to put our knowledge in the 
place of his, or to credit him with data which he could 
not have possessed, Eumour and fact had connected 
the name of WoUaston with th«se supposed interactions 
between magnets and currents. When, therefore, Faraday 
in October published his successful experiment without 
any allusion to Wollaston, general, though really un- 
grounded, criticism followed. I aay ungrounded because, 
firstly, Faraday's experiment was not that of Wollaston, 
and secondly, Faraday before he published it, had actually 
called upon Wollaston, and not finding him at home did 
not feel Iiimself authorised to mention his name. 

In December Faraday published a second paper on the 
same subject, from which, thi'ough a misapprehension, the 
name of Wollaston was also oraitted. Warburton and 
others thereupon affirmed that WoUaston's ideas had been 
appropriated without acknowledgment, and it is plain that 
Wollaston himself, though cautious in his utterance, was 
also hurt. Censure grew till it became intolerable. ' I 
hear,' writes Faraday to his friend Stodart, ' every day 
more and more of these sounds, which, though only 
"whispers to me, are, I suspect, spoken aloud among 
scientific men.' He might have written explanations and 
defences, but he went straighter to the point. He wished 
V to see the principalb face to face — tu plead his cause before 



J 
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them personally. Th&ce is a certain vehemeiioe in his 
deare to do this. He saw Wollaston, he saw Davy, he 
saw Warburton ; and I am inclined to think that it was 
the irre^stible candour and troth of character whidi then 
vivA voce defences revealed, as much as the defences 
themselves, that disarmed resentment at the lime. 

As r^ards Davy, another cause of dissension arose ia 
1823. In the spring of that year Faraday analysed the 
hydrate of chlorine, a substance once believed to be the 
element chlorine, but proved by Davy to be a compound 
of that element and water. The ana^^ was looked over 
by Davy, who then and Aere suggested to Faraday to 
heat the hydrate in a closed glass tube. This vras done, 
the substance was decomposed, and one of the products 
of decomposition was proved by Faraday to be chlorine 
liquefied by its own pressure. On the day of its dis- 
covery he communicated this result to Dr. Paris. Davy, 
on being informed of it, instantly liquefied another gas 
in the same way. Having struck thus into Faraday's 
enquin% ought he not to have left the matter in Fara- 
ilay's hmids? I tliink he ought. But, considering 
his relation to lx»th Fiuraday and the hydrate of chlorine, 
Pavy, I submit, may be excused for thinking differently. 
A father is not always wise enough to see that his son has 
iX'asoil to be a Ikw, and estrangement on this account is 
not nue; nor was Davy wise enough to discern that 
Faraday had i^issod the mere assistant stage and become 
a discv>Yoror. It is now hard to avoid magnifying this 
ern>r. But had Fiutiday died or ceased to work at this 
time, or had liis subsequent Kfe been devoted to moneys 
getting instead of to research, would anybody now dream 
ofascribingjealousy toDavy? Assuredly not. Why should 
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he be jealous P His reputation at this time was almost 
without a parallel: his glory was without a cloud. lie 
had added to his other discoveries that of Faraday, and 
after having been his teacher for seven years, his language 
to him was this : ' It gives me great pleasure to hear that 
you are comfortable at the Koyal Institution, and I trust 
that you will not only do something good and honourable 
for yourself, but also for science,' This is not the lan- 
guage of jealousy, potential or actual. But the chlorine 
business introduced irritation and anger, to which, and not 
to any ignobler motive, Davy's opposition to the election 
of Faraday to the Eoyal Society is, I am persuaded, to be 
ascribed. 

These matters are touched upon with perfect candour 
and becoming consideration in the volumes of Dr. Bence 
Jones ; but in ' society ' they are not always so handled. 
Here a name of noble intellectual associations is sur- 
rounded by injurious rumours Tsrhich I would willingly 
acatter for ever. The pupil's magnitude and the splen- 
dour of his position are too great and absolute to need 
as a foil the hiuniliation of his master. Brothers in 
intellect, Davy and Faraday, however, could never have 
become brothers in feeUng; their characters were too 
unlike. Davy loved the pomp and circumstance of 
fame ; Faraday the inner consciousness that he had fairly 
won renown. They were both proud men. But with 
Davy pride projected itself into tlie outer world ; while 
with Faraday it became a steadying and dignifying 
inward force. In one great particidar they agreed. 
Each of them coidd have turned his science to immense 
commercial profit, but neither of them did so. The noble 
excitement of research, and the delight of discovery, con- 



360 FRAGMENTS OF SCIENCE. 

stituted their reward. I oommend them to the reverenoe 
which great gifts greatly ezerdsed ought to inspire. Thejr 
were both ours ; and through the coming centuries Eng- 
land will be able to point with just pride to the possessioD 
of such men. 



The first volume of the ^ life and Letters ' reveals to 
us the youth who was to be lather to the man. Skilful, 
aspiring, resolute, he grew steadily in knowledge and in 
power. Consciously or unconsciously, the relation of 
Action to Beaction was ever present to Faraday's mind. 
It had been fostered by his discovery of Magnetic Bota- 
tions, and it planted in him more daring ideas of a similar 
kind. Magnetism he knew could be evoked by electri- 
city, and he thought that electricity, in its turn, ought to 
be capable of evolution by magnetism. On August 29, 
1831, his experiments on this subject began. He had 
been fortified by previous trials, which, though failures, 
had begotten instincts directing him towards the truth. 
He, like every strong worker, might at times miss the out- 
ward object, but he always gained the inner light, educa- 
tion and expansion. Of this Faraday's life was a constant 
illustration. By November he had discovered and colligated 
a multitude of the most wonderfiil and unexpected phe- 
nomena. He had generated currents by currents ; currents 
by magnets, permanent and transitory ; and he afterwards 
generated currents by the earth itself. Arago's ' Magne- 
tism of Rotation,' which had for years offered itself as a 
challenge to the best scientific intellects of Europe, now 
fell into his hands. It proved to be a beautiful but still 
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speckl iliustration of the great principle of Magneto 
electric Induction. Nothing equal to this, in the way 
of pure experimental enquirj', had previously been 
achieved. 

Electricities from various sources were next examined, 
and their differences and resemblances revealed. He 
thus assured hiinself of their substantial identity. He then 
took up Conduction, and gave many striking illustrations 
of the influence of Fusion on Conducting Power. Ee- 
nouncing professional work, from which at this time he 
might have derived an income of many thousands a year, 
he poured liis whole momentum into his researches. He 
was long entangled in Electro-chemistry. The light of 
law was for a time obscured by the tliick umbrage of 
novel facts ; but he finally emerged from his researches 
with tiie great principle of Definite Electro-chemical De- 
compoaition in his hands. If his discovery of Magneto- 
electricity may be ranked with that of the Pile by Volta, 
this new discovery may almost stand beside that of 
Definite Combining Proportions in Cliemistry. He passed 
on to Static Electricity — its Conduction, Induction, and 
Mode of Propagation. He discovered and illustrated the 
principle of Inductive Capacity ; and, turning to theory, 
he asked himself how electrical attractions and repulsions 
are transmitted. Are they, like gravity, actions at a 
distance, or do they require a medium ? If the former, 
then, like gravity, they will act in straight luies ; if the 
latter, then, like sound or light, tliey may turn a corner. 
Faraday held, and his views are gaining gromid, that his 
experiments proved the fact of curvilinear propagation, 
and hence the operation of a medium. Others denied 
this ; but none can deny the profound and philosophic 
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r of his leading tliouglit.' The first volume of 
irchus contains all the papers liere referred to. 
ay had heard it stated tliat henceforth physical 
y would be made solely by the aid of mathematics ; 
had our data, and needed only to work dedtic- 
Statementa of a similar character crop out fi-om 
time in our day. They arise from an imperfect 
,aiice with the nature, present condition, and 
,ive vastnesa of the field of physical enquiry. 
Jency of natural science doubtless is to bring all 
phenomena under the dominion of meclianical 
1 give them, in other words, mathematical expres- 
iiit oiu- approach to this result is asymptotic ; and 
to come — possibly for all the ages of the human 
ituro will find room for both the philosophical 
enter and the mathematician. Faraday entered 
est against the foregoing statement by labelling 




and principles of Sir William Armstrong's Hydro-electric 
machine are described and developed ; a paper on Mag- 
netic Rotations, and Faraday's letters in relation to the 
controversy it aroiised. The contribution of most per- 
manent value here is that on the Source of Power in the 
Voltaic Pile. By it the Contact Theory pure and simple 
was totally overthrown, and the necessity of chemical 
action to the maintenance of the current demonstrated. 

The third volume of the Researches opens with a 
memoir entitled 'The Magnetisation of Light, and the 
Illumination of Magnetic Lines of Force.' It is difficult 
even now to afiix a definite mcaniug to this title ; but the 
discovery of the rotation of the plane of polarisation 
which it announced seems pregnant with great results. 
The writings of William Thomson on the theoretic aspects 
of the discovery; tlie excellent electro-dynamic measure- 
ments of Wilhelm Weber, which are models of experi- 
mental completeness and skill ; Weber's labours in con- 
junction with his lamented friend Kohlrausch — above all, 
the reseai-ches of Clerk Maxwell on the Electro-magnetic 
Theory of Light — point to tliat wonderful and mysterious 
medium which is the vehicle of light and radiant heat as 
the probable basis also of magnetic and electric plienomena. 
The hope of such a combination was first raised by the 
discovery here referred to.^ Faraday himself seemed to 

' A letltr addresned to me by Prof. Wehpr on Ihe 18th of last M.ircli 
coDtains the following refumncu to the connoctioii liere meDtJuuod; 'Die 
Iloffnung- einer Bolchun Conihination itt (lurch Faradaj's Entdi^ckung der 
DrebuQ^ der PolBriflalinnBebene diuvh magnetische Direct iimBkraft xuerat, 
und sodana durch die Uebereiuatiniiuiing derjenigea GeacUwindigkeit, 
welche daa Varhallniaa der electro-djaftiiiischeo Einheit iut electro-atatisch- 
en auMiriickt, mit der Geacbwindigkeit d^s l.ichCs tmgervgt u-orden; uad 
mil ai-huint von alien VerHuclicn, velche zur VernirklicLung diescr Ilolf- 
nuii]j peniathl worduii Bind, daa von lltrrii -Miawull gtimulilo imi erfoly- 
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cfii^ with pailiciilar affedioii to tlik di eoov e iy : He fidt 
that there wis more in it than he was able to unfold. 
He predicted that it would grow in meaning with the 
growth of sdenoe. Hus it has done; this it is doii^ 
now. It8i%htinterpNlatioQwinppobaUy^maikanq[K^ 
in scientific histcxy. 

Ba|iidly foDowii^ it is the discovery of IXamagnetamD, 
or the Bepulaion of Mttter hj a magnet. Brogmanshad 
shown that bismuth rqidled a magnetic needle. Here he 
supped. Le Bailliff praived that antinumy did the same. 
Here he stopped. Sediec^ Becqnerel, and others, also 
touched the disc o very. These fiagmentary gleams ex- 
cited a momentary cnrjoflifrf , and were afanost forgotten, 
when Faraday, independently, alighted on the same fiusts; 
and, instead of sboppii^, made them the inlets to a new 
and vast region of research. The value of a discoveiy is 
to be measured by the intellectual action it calls forth ; 
and it was Faraday's good fortune to strike such lodes 
of scientific truth as give some of the best intellects of 
the age occupation. 

The salient quality of Faraday's scientific character 
reveals itself from beginning to end of these volumes : a 
union of ardour and patience — the one prompting the 
attack, the other holding him on to it till defeat was final 
or victory assured. Certainty in one sense or the other 
was necessary to his peace of mind. The right method 
of investigation is perhaps incommunicable; it depends 
on the individual rather than on the sptem, and the 
mark is missed when Faraday's researches are pointed to 
as merely illustrative of the power of the inductive philo- 
sophy. The brain may be filled with that philosophy, 
but without the energy and insight which this man pos- 
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sessed, and which with him were personal and distinctive, 
we should never rise to the level of his achievements. 
His power is that of individual genius, rather than of 
philosophic method ; the energy of a strong soul express- 
iug itself after its own fashion, and acknowledging no 
mediator between it and Nature. 

The second volume of the ' Life and Letters,' like the 
first, is a historic treasury as regards Faraday's work and 
character, and his scientific and social relations. It 
contains letters from Humboldt, Herschel, Hachette, De 
la Rive, Dumas, Liebig, Melloni, Becquerel, Oersted, 
Flucker, Du Bois-Eeymond, Lord Melbounie, Prince 
Louis Napoleon, and many other distinguished men. I 
notice with particular pleasure a letter fi-om Sir John 
Herschel in reply to a sealed packet addressed to him by 
Faraday, but which he had permission to open if he 
pleased. The packet referred to one of the many un- 
fulfilled hopes which spring up in the mind of fertile 
investigators : — 

'Go on and prosper, "from strength to strength," hke 
a victor marching with assured step to further conquests ; 
and "be certain that no voice will join more heartily in the 
peans that already begin to rise, and will speedily swell 
into a shout of triumph, astounding even to yourself, than 
that of J. F. W. Herschel.' 

As au encourager of the scientific worker, this fine 
spirit is still active. 

Faraday's behavioiu' to Melloni in 1835 merits a word 
of notice. The young man wjis a political exile in Paris. 
He had newly fashioned and applied the thermo-electric 
pile, and had obtained with it results of the greatest 
iraportanre. But they were not appreciated. With the 
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sidmeaB of diaappQinted hope MeUoni waited for the 
report of the CommiaBioiiera appointed by the Academy 
of SdenceB to esamine his labours. At length he pablisbed 
his reaearches in the ' Annales de CShimie.' They thus 
jEell into the hands of Faraday, who, diacerning at once 
their extraordinary merit, obtained for their author the 
Bumford Medal of the Boyal Society. A sum of money 
always aooompames this medal, and the pecuniary he^ 
was at this time even more essential than the mark of 
honour to the young refugee. Melloni*s gratitude was 
boundless: — 

^Et vous, monsieur,' he writes to Faraday, 'qui appar- 
tenez k une sodeiS k laqudle je n'avais lien ofiert, vous 
qui me connaisaez k pdne le nom; vous n'avez pas 
demande si j'avais des ennemis &ibles ou puissants, in 
cal^U quel en ^tait le n<Hnbre; mais vous avez parl^ 
pour I'opprim^ etranger, pour celui qui n*avait pas le 
moiiidrc droit k tant de bienveillance, et voe paroles out 
eto accueillies favorablement par des collegues couscien- 
oieiix ! Je reconnais bien Ik des hommcs dignes de leur 
noble mission, les veritables representants de la science 
d'lin pays libre et genereux.' 

Within the prescribed limits of this article it would be 
imjx)ssible to give even the slenderest smnmary of Fara- 
day's correspondence, or to carve from it more than the 
merest fragments of his character. His letters, -written to 
Lord Melbourne and others in 1836, regarding his pension, 
illustrate his uncompromising independence. The Prime 
^Minister had offended him, but assuredly the apology 
demanded and given was complete. I think it certiiin 
that, notwithstanding the very full account of this transac- 
tion given by Dr. Bence Jones, motives and influences 
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were at work which even now are not entirely revealed. 
The minister was bitterly attacked, but he bore the 
censure of the press with great dignity. Faraday, while 
he disavowed having either directly or indirectly furnished 
the matter of those attacks, did not publicly exonerate 
his lordship. The Hon. Caroline Fox had proved her- 
self Faraday's ardent friend, and it was she wlio had 
healed the breach between tlie philosopher and the 
minister. She manifestly thought that Faraday ought to 
have come forward in Lord Melbourne's defence, and 
there is a flavour of resentment in one of her letters to 
him on the subject. No doubt Faraday had good 
grounds for his reticence, but they are to me unknown. 

In 1841 his healtli broke down utterly, and he went 
to Switzerland with his wife and brother-in-law. His 
bodily vigour soon revived, and he accomplished feats of 
walking respectable even for a trained mountaineer. Tlie 
pubhshed extracts from his Swiss journal contain many 
beautiful and touching allusions. Amid references to 
the tints of the Jungfrau, the blue rifts of tlie glaciers, and 
the noble Niesen towering over the Lake of Thun, we 
come upon the channing httle scrap which I liave else- 
where quoted : — ' Clout-nail making goes on here rather 
considerably, and is a very neat and pretty operation to 
observe. I love a smith's shop and anything relating to 
smithery. My father was a smith.' This is from his 
journal ; but he is unconsciously speaking to somebody 
■ — perhaps to the world. 

His descriptions of the Staub-bach, Giessbach, and of 
the scenic effects of sky and mountain, are all fine and 
sympathetic. But amid it alt, and in reference to it all, 
he tells his sister lh;it ' true enjoyment is from within, not 
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tlioiit,* In those days Agassiz was living under a 
gneias on tlie glacier of the Aar. Faraday met 
tt the Grimsel, and arranged with him an exciir- 
the ' Hotel des Ncuchatelois ; ' but indisposition 
project out. 

the Fort of Ham, in 1843, Faraday received a 
tddressed to liim by Prince Louis Napoleon 
ie. He read this letter to me many years ago, 

desire, shown in various waya by the French 
r. to turn modern science to account have often 
■d me of it since. At the age of thirty-five 
liner of Ham speaks of 'rendering his capti\'ity 
iiy studying the great discoveries ' vfhich science 
■ Faraday ; and he asks a question which reveab 
of tliought at the time : 'Wliat is the most simple 
ition to give to a voltaic battery, in ortler to 

a spark capable of setting fire to powder under 
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om-s! My runs into the world in this way only serve to 
inuke me esteem that happiness tlie more.' 
And again — 

'We have been to a grand couversazioiie in the towu- 
hall, and I have now returned lo my room to talk with 
you, as the pleasautest and happiest thing that I can do. 
Nothing rests me so much as communion willi you. I 
feel it even now as I write, and catx?h myself saying the 
woixls aloud as I vn-ite tliem.' 

Take this, moreover, as indicative of his Iuvl' fur 
Nature : — 

'After writing, I walk out in the evening hand in hand 
with my dear wife to enjoy the sunset ; for to me who 
love scenery, of all tliat I have seen or can see there is 
none surpasses that of heaven. A glorious suiifiet brings 
with it a thousand thoughts that delight me.' 

Of the numberless lights thrown upon him by the 
'Life and Letters,' some fall upon lits religion. In a 
letter to a lady, he describes himself as belonging to ' a 
very small and despised sect of Christians, known, if 
known at all, as Siind^mnnian)^, and our hope is founded 
on the faith that is in Christ.' He adds, 'I do not think 
it at all necessary to tie the study of the natural sciences 
and religion together, and iti my intercourse witli my 
feliow-creatures, that which is religious, and that wliich 
is philosophical, have ever been two distinct things,' He 
saw clearly the danger of quitting his moorings, and his 
science became the safeguard of his particular faith. For 
bia investigations so filled his mind as to leave no room 
for sceptical questionings, thus shielding from the assaults 
of philosophy the creed of his youth. His religion was 
coiisUtutiunal and hereditary. It was implied in the 
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|it' liis blood and m the tremors of his braiu ; and 

its nuiward and visible form might have changed, 

would still have possessed ita elemental con- 

^Awe, reverence, truth, and love. 

I worth enquiring how so profoundly religious a 

nd so great a teacher, would be likely to regard 

Isent discussions on the subject of educaticm. 

J would be a ' secularist ' were he now alive. He 

sympathy witli those who contemu knowledge 

p be accompanied by dogma. A lecture delivered 

l.hc City Philosophical Society in 1818, when he 

Biity-sis years of age, -expresses the views regarding 

which he entertained to the end of Ms life. 

Ihen,' lie says, ' all theological considerations are 

m from tlie society, and of course from my 

I ; and ^vliatever I may say has no reference to a 

, or to tlie means which are to be adopted in 
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be called — will accord with what I have before described 
as being in our own hands so improvable and perfectible." 

Among my old papers I find the following remarks on 
one of my earliest dinners with Paraday. ' At 2 o'clock 
he came down for me. He, his niece, and myself, formed 
the party, "I never give dinners," he said. "I don't 
know how to give dinners, and I never dine out. But I 
should not like my friends to attribute this to a wrong 
cause. I act thus for the sake of eecuring time for work, 
and not through religioua motives, as some imagine." He 
eaid grace. I am almost ashamed to call his prayer a 
"saying" of grace. In the language of Scripture, it 
might be described as tlie petition of a son, into whose 
heart God had sent the Spirit of His Son, and who with 
absolute trust asked a blessing from his father. We 
dined on roast beef, Yorkshire pudding, and potatoes ; 
drank sheriy, talked of research and its requirements, 
and of his habit of keeping himself fi'ee from the dis- 
tractions of society. He was bright and joyful — boyhke, 
in feet, though he is now sixty-two. His work excites 
admiration, but contact with him warms and elevates the 
heart. Here, surely, is a strong man. I love strength, 
bat let me not forget the example of ita union with 
modesty, tenderness, and sweetness in the character of 
Faraday.' 

Faraday's prc^ess in discoveiy, and the salient points 
of his chai'acter, are well brought out by the wise 
choice of letters and extracts pubUshed in these volumes. 
I will not call the labours of the biographer final. 
So great a character will challenge reconstruction. In 
the coming time some sympathetic spirit, with the 
requisite strength, knowledge, and solvent power, will, I 
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lit, iciider tliL'so miiteriala plastic, give them more 
argimic form, and send through them, with less of 
ition, the curreuta of Faraday's life. ' He was too 

niau,' wiitee his present biographer, ' for me to 
' rigJitly, and too great a philosopher for me to 
iiid thoroughly.' That may be, but the reverent 
1 to wliich we owe the discover}', selection, and 
itiotit of the materials here placed before us, is 
y a em-er guide than mere literarj' skill. The 

ttie artist who may wish in future timea to re- 
' the real though unobtrusive grandeur, the purity, 

and childlike simplicity of him whom we have 

1 liud his chief ti-easury already provided for him 
Bouco Jones's liiboui- of love. 
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. order I will proceed to discuss by what law of nntare it cocnw 
It ir.w Cftu he ftUricted by tlint stone which the Greeks call the 
■in tlio name of its nutive place, becoune it has its origin within 
. of the cc)unlry of the Wagnesiana. This stone is more wondered 
it often produces n chain of [iron] rings hanging down from it. 

it airs, one always hanging from the other and attached to its 
and each in turn one from the other experiencing the binding 
lio stone : with auch a continued cunent its force fliea through 

i* of this kind many things miist be eatabUehed ttefore you can 
Inie law of tlie tiling in question, and it must he approached bya 
i.ms road ; wherefore all the more I call for an attentire eat and 
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xm. 

A LECTURE ON MAONETISM. 

We have no reasoo to believe that the sheep or the tlog, 
or indeed any of the lower animals, feel an iirterest in tho 
laws by which natural phenomena are regulated. A herd 
may be terrified by a thunder-storm ; birds may go t^ 
roost, and cattle return to their stalls during a solar 
eclipse ; but neither birds nor cattle, as fiir as we know, 
ever think of enquiring into the causes of these things. 
It is otherwise with man. The presence of natural 
objects, the occurrence of natural events, (he varied 
appearances of the universe in which he dwells, penetrate 
beyond his organs of sense, and appeal to an inner power 
of which the senses are the nxere instruments and ex- 
citants. No fact is to him either final or original. He 
cannot limit himself to the contemplation of it alone, but 
cndeavoars to ascertain its position in a series to which 
the constitution of his mind assures him it must belong. 
He regards all that he witnesses in tlie present as the 
efllux and sequence of something that has gone before, 
and as the source of a system of events which is to follow. 
The notion of spontaneity, by which in his ruder state he 
accounted for natural events, is abandoned ; tho idea that 
nature is an aggregate of independent parts also disaji- 
pears, as the connection and mutual dependence of 
physical powers become more and more manifest: until 
he is finally led, and that fliiefly by the science of which 
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this evening to be the exponent, to regard 

1 an organic whole, as a body each of whose 

I sympathises with the rest, changing, it is true, 

to ages, but without one real break of con- 

r a single interruption of the fixed relations of 

i effect, 

I'stem of things which we call Nature is, however, 

1 and various to be studied first-hand by any 

lind. As knowledge extends there ie always a 

r to subdivide the field of investigation, its various 

ling taken uii by different individuals, and thus 

a greater amount of attention than could 

i bestowed on them if each investigator aimed 

Tiastery of the whole. East, west, north, and 

llie human mind pushes its conquests; but the 

a\ form in which knowledge, as a whole, ad- 

ing ever wider on all sides, is due in reahty 
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closer to our perceptions than any other. It deals with 
the phenomena and laws of light and heat — with the 
phenomena and laws of magnetism and electricity — with 
those of sound — with the pressures and motions of liquids 
and gases, whether in a state of translation or of undula- 
tion. The science of mechanics is a portion of natural 
philosophy, though at preseut so large as to need the 
exclusive attention of him who would cultivate it pro- 
foundly. Astronomy is the application of physics to 
the motions of the heavenly bodies, the vastnesa of the 
field causing it, however, to be regarded as a department 
in itself In diemistry physical agents play important 
parts. By heat and hght we cause bodies to combine, and 
by heat and light we decompose thetn. Electricity tears 
asunder tlie locked atoms of compounds, through their 
power of separating carbonic acid into its constituents ; 
the solar beams build up the whole vegetable world, and 
by it the animal, while tlie touch of the selfsame beams 
causes bj'dfogen and chlorine to imite with sudden ex- 
plosion and form by their combination a powerful acid. 
Thus physics and chemistry intermingle, physical agents 
being employed by the chemist as a means to an end ; 
while in physics proper the laws and phenomena of the 
agents themselves, both qualitative and quantitative, are 
the primary objects of attention. 

My duty here to-night is to spend an hour in teUing 
how this subject is to be studied, and how a knowledge 
of it is to be imparted to others. When first invited 
to do this, 1 hesitated before accepting the responsibihty. 
It would be easy to entertain you with an account 
of what natural philosophy has accomplished. I might 
point to those apphcationa of science regarding which 
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so nitirli in the newH|mpers, and which wc often 
itaken for science itself. I might, of coiiree, 
nges on the steam engine and the telegraph, the 
pe nnd the ])hotograph, the medical applications 
■s, and the million other inlets by which scientific 
filters into practical life. That would be eas^v 
il with the task of informing you how you are to 
study of phyaice the instrument of your own 
how you are to possess its facts and make 
ving seeds which shall take root and grow 
ind, and not he like dead lumber in the store- 
memory. This is a task much heavier than the 
taloguing of scientific achievements; and it i.-; 
-h, feeling my own want of time and power to 
t aright, I might well hesitate to accept. 
■t me sink excuses, and attack the work to the 
y ability. First and foremost, then, I would advise 
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a ^'aight bar-magnet, say, half-a-crowa, or, if you can 
afford it, five shillings for a pair of them ; or get a smith 
to cut a length of ten iucliea from a bar of steel an inch 
wide and half an inch thick ; file its ends decently, harden 
it, and get somebody like myself to magnetise it. Two 
bar-magnets are better than one. Procure some darning 
needles such as these. Provide yourself also with a 
httle unspun silk ; which will give you a suspending 
fibre void of torsion ; make a httle loop of paper or 
of wire, thus, and attach your fibre to it. Do it neatly. 
In the loop place your darning needle, and bring the two 
ends or poles, as they are called, of your magnet succes- 
sively up to either end of the needle. Both the poles, 
you find, attract both ends of the needle. Replace the 
needle by a bit of annealed iron wire, the same effects 
ensue. Suspend successively little rods of lead, copper, 
silver, or brass, of wood, glass, ivory, or whalebone ; the 
magnet produces no sensible effect upon any of these 
substances. You thence infer a. special property in tlie 
case of steel and iron. Multiply your experiments, how- 
ever, and you will find that some other substances besides 
iron are acted upon by your magnet. A rod of the 
metal nickel, or of the metal cobalt, from which the blue 
colour used by painters is derived, exhibits powers similar 
to those observed with the iron and steel. 

In studyuig the character of the force you may, how- 
ever, confine yourself to iron and steel, which are always 
at hand. Make your esperiinents with the diiniing 
needle over ajid over again ; oj>erate on both ends of the 
needle ; try both ends of the magnet. Do not think the 
work stupid ; you are conversing with Nature, and must 
acquire a certain grace iind mastery over licr language ; 
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r* practice can alone impart. Let cvay more- 
mudc with care, and avoid slovenlineas from the 
In evx-ry one of your experiments endesvoor to 
ifsjiotisibility of a moral agent Experiment, as 
lid, in the language by which we address Xatore, 
ii^li which she senda her replies; in the use of 
!\inge a lack of straightforwardness is as poaable 
(judicial as m the spoken language of the tongue. 
ish U) l)(!Come acquainted with the truth of Nature 
1, frurn the first resolve to deal with her aincerelv. 
reniovd your needle from its loop, and draw it 
1 t.. end along one of the ends of the magnet ; 
<] it. and repeat your former experimenL Ton 
n'rtult difl'L-rciil. You now fmd that each extremity 
liigiict, iittriicta one end of the needle, and repels 
]•. The Miiii[»Ie attraction observed iu the first 
is now replaced by a dual force. Repeat the 
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your needle along the end tlius marked, and that the eye- 
end of your needle was the last to quit the magnet, you 
will find that the eye turns to the south, the point of the 
needle turning towards the north. Make sure of this, 
and do not take this statement on my authority. 

Now take a second darning needle like the first, and 
magnetise it in precisely the same maimer : freely sus- 
pended it also will turn its point to the north and its eye 
to the south. Your next step is to examine the action of 
the two needles which you have tlius magnetised upon 
each other. 

Take one of them in your hand, and leave the other 
suspended ; bring the eye-end of the former near the eye- 
end of the latter ; the suspended needle retreats : it is 
repelled. Make the same experiment with the two points, 
you obtain the same result, the suspended needle is re- 
pelled. Now cause the dissimilar ends to act on each 
other — you have attraction^ — point attracts eye and eye 
attracts point. Prove the reciprocity of this action by 
removing the suspended needle, and putting the other in 
its placa You obtain the same result. The attraction 
then, is mutual, and the repulsion is mutual, and you 
have thus demonstrated in the clearest manner the funda- 
mental law of magnetism, that like poles repel, and 
tliat unlike poles attract each other. You may say that 
tiiis is all easily understood without doing; but do it, 
and your knowledge will not be confined to what I have 
uUered here. 

I have said that one end of your magnet has a mark 
upon it ; lay several silk fibres together, so as to get 
suflicient strength, or employ a thin silk riblron, and form 
a loop large enough to hold your magnet. Suspend it ; 
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Is lUiuked L-rid towards the north. This marked 
at wliich in England is called the north pole. If 
jn smith has made j-our magnet, it will be con- 
o determine ita north pole yourselt; and to mark 
:i file. You vary your experiments by causing 
i^iietiseJ darning needle to attract and repel your 
ignct ; it is quite competent to do so. In raag- 
ihe needle, I have supposed the eye-end to be 
.0 quit the marked end of the magnet; that end 
L-edle is a south pole. Tlie end whicli last quits 
:net is always opposed in polarity to the end of 
let with which it has been in contact. Bi-ouglil 
li other tliey mutually attract, and thus demon- 
lU they are unlike poles. 

lay perhaps learn all this in a single hour ; but 
■vera] at it, if uecessaiy ; and remember under- 
il is not sullicient: you must obtain a manual 
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slate, pasteboard, or gutta-perclia, but find them al! 
pervious to this wondrous force. One magnetic pole 
acta upou another through these bodies as if they were 
not present. And should you become a patentee for the 
regulation of ships' compasses, you will not fall, as some 
projectors have done, into the error of screening off the 
magnetism of the ship by the interposition of such sub- 
stances. 

If yon wish to teach a class you must contrive that the 
effects which you have thus far witnessed for yourself 
shall be witnessed by twenty or thirty pupils. And here 
your private ingenuity must come into play. You will 
attach bits of paper to your needles, so as to render their 
movementa visible at a distance, denoting the north and 
south poles by different coloui's, say gi'een and red. You 
may also improve upon your darning needle. Take a 
strip of sheet steel, the rib of a lady's stays will answer, 
heat it to vivid redness and plunge it into cold water. 
It is thereby hardened, rendered, in fact, almost as brittle 
as glass. Six inches of this, magnetised in the manner of 
the darning needle, will be better able to carry your 
paper indexes. Having secured such a strip, you proceed 
thus : — 

Magnetise a small sewing needle and determine its 
poles ; or, break half an incli or an inch off your magne- 
tised darning needle and suspend it by a fine silk fibre. 
The sewing needle or the fragment of the dai'uing needle 
is now to be used as a test needle to examine the distri- 
bution of tlie magnetism in your strip of steel. Hold 
the atrip upright in your left hand, and cause the test 
needle to approach the lower end of your strip : one end 
is attracted, the other is repelled. Eaiae your needle 
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strip ; its oscillations, which at first were quick, 
ilower ; ojjposite the middle of the strip they 
ircly ; neither end of the needle is attracted ; 
i middle the test needle turns suddenly round, 
end being now attracted. Go through the 
lit tlioroughly; you thus learn that the entire 
If of the strip attracts one end of the needle, 
3 entire upper half attracts the opposite end. 
g the north end of your httle needle to be that 

below, you infer that the entire lower half of : 
gnelised strip exliibits south magnetism, while 1 
> upper lialf exhibits north magnetism. So far, 
1 have determined the distribution of magnetism 
trip of steel. 

lok at tliis fact, you tliink of it ; in its suggestive- 
value of the experiment chiefly consists. The 
arises, 'What will occur if I break my strip of 
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stop there? No : you follow the breaking process in idea 
wlieii you can no longer realise it in fact ; your thoughts 
wander amid the very atoms of your steel, and you con- 
clude that each atom is a magnet, and that tlie force 
exerted by the strip of steel is the mere suinnuuion or 
resultant of the forces of its ultimate particles. 

Here, then, is an exhibition of power which we can 
call forth or cause to disappear at pleasure. We mag- 
netise our strip of steel by drawing it along the pole of a 
magnet ; we can demonetise it, or reverse its magnetism, 
by properly drawing it along the same pole in the oppo- 
site direction. What, then, is the jeal nature of this 
wondrous change ? Wliat is it that takes place among 
the atoms of the steel when tlie substance is magnetised ? 
The question leads us beyond the region of sense, and 
into that of imagination. Tiiis faculty, indeed, is the 
divining rod of the man of science. Not, however, an 
imagination which catches its creations from the air, but 
one informed and inspired by facts, capable of seizing 
firmly on a physical image as a jirinciple, of discerning 
its consequences, and of devising means whereby these 
forecasts of thought may be brought to an experimental 
test. If such a principle be adequate to account for all 
the phenomena, if from an assumed cause the observed 
facts necessarily follow, we call tlie assumption a theory, 
and once possessing it, we can not only revive at pleasure 
facts already known, but we can predict others whicli we 
have never seen. Thus, tlieii, in the prosecution of 
pliysical science, our powers of observation, memory, 
imagination, and inference, are all drawn upon. We 
observe facts and store them up; imagination broods 
upon these memories, and by the aid of rea.son triea to 
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111 ir interdependence. The theoretic principle 
!■ tiluwly dawns upon the mind, and then the 
■ faculty iiitt'qiosca to carry out the principle to 
1 conscijiK-nces. A perfect theory ^ves dominion 
irnl facta ; (ind oven an assumption which can 
iiilly stand the test of a comparison with facts, 
itf eminent use in euabhng us to connect and 
roups of phenomena. The theory of magnetic 
if this latter cliaracter, and with it we must now 
rsclves faraihar. 

the view of stamping the thing more firmly on 
(Is. I will iniike use of a strong and vivid image. 
!i, red and green are called complementary 

tiii'ir mixture produces white. Now I ask you 
ic I'ach of tliese coloura to possess a self-repulsive 
iliat ltd n^pels red, and that green repels green; 

rctl attracts green and green attracts red, the 
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other half gret-'n, it is perfectly manifeat timt the two 
strips would now behave towards each other exactly as 
our two magnetised darDing needles — the red end would 
repel the red and attract the green, the green would repel 
the green and attract the red ; bo that, assuming two 
colours thus related to each other, we could by their 
mixture produce the neutrality of an unraagnetised body, 
while by their separation we could produce the duality of 
action of magnetised bodies. 

But you have already anticipated a defect in my con- 
ception ; for if we break one of our strips of wood in 
the middle we have one half entirely red and the other 
entirely green, and with these it would be impossible to 
imitate the action of our broken magnet. How then 
must we modify our conception? We must evidently 
suppose each atom of wood painted greeu on one face and 
red on the opposite one. If tliia were done the resultant 
action of all the atoms would exactly resemble the action 
of a magnet. Here also, if the two op^wsite colours of 
each atom could be caused to mix so aa to produce white, 
we should have, as before, perfect neutrality. 

Substitute in your minds for these two self-repellant 
and mutually attractive colours two invisible self-repellant 
and mutually attractive fluids, which in ordinary steel are 
mixed to form a neutral compound, but which the act of 
magnetisation separates from each other, placing the 
opposite fluids on the opposite faces of each atom, and 
you have a perfectly distinct conception of the celebrated 
theory of magnetic fluids. The strength of the magnetism 
excited is supposed to be proportional to the quantity' of 
neutral fluid decomposed. According to this theory 
nothing is actually transferred from the exciting magnet 
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lo the excited steel. The act of niagnetisation consists in 
the forcible separation of two powers wbich existed in 
the steel before it was magnetised, but which then 
neutralised each other by their coalescence. And if you 
test your mRgnet after it has excited a hundred pieces of 
steel, you will find that it has lost no force — no more, 
indeed, than I should lose had ray words such a magnetic 
influence on your minds, as to excite in them a strong 
reaolve to study natural f 7- ^ should, in fact, be 

the gainer by my own « and by the reaction of 

(four strength ; and so agnet is the gainer by 

be reaction of the bod; magnetises. 

Look now to your x of steel ; figure each 

atom to your minds opposed fluids spread over 

its opposite faces. H state of things be per- 

manent? The fluids, ^is, attract each other; 

what, then, keeps thei art? Why do they not in- 

stantly rush tc^ether across the equator of the atom, 
and thus neutralise each other ? To meet this question 
philosophers have been obhged to infer the existence of a 
special force which holds the fluids asunder. They call 
it coercive force ; and it is found that those kinds of steel 
which offer most resistance to being magnetised, which 
require the greatest amount of coercion to tear their fluids 
asunder, are the very ones which offer the greatest resist- 
ance to the re-nnion of the fluids after they have been 
once separated. Such kinds of steel are most suited to 
the formation of permanent magnets. It is manifest, 
indeed, that without coercive force a permanent magnet 
would not be at all possible. 

You have not forgotten that previous to magnetising 
your darning needle both its ends were attracted by your 
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magnet ; antl tbiit both ends of your bit of iron wire were 
acted upon in the same way. Probably also long before 
this you will have dipped the end of your magnet among 
iron filings, and observed how they cling to it, or into a 
nailbox, and found how it drags the nails after it. I know 
very well that if you are not the slaves of routine, yoU 
will have by this time done many things that I have not 
told you to do, and thu3 multiplied your experience 
beyond what I have indicated. You are almost sure to 
have caused a bit of iron to hang from the end of your 
magnet, and you have probably succeeded in causing a 
second piece to attach itself to the first, a third to the 
second ; until finally the force has become too feeble to 
bear the weight of more. If you have operated with 
nails you may have observed that the points and edges 
hold together with the greatest tenacity ; and that a bit 
of iron clings more firmly to the comer of your magnet 
than to one of its flat surfaces. In short, you will in all 
likelihood have enriched your experience in many ways 
without any special direction from me. 

Well, the magnet attracts the nail, and that nail attracts 
a second one. This proves that the nail in contact with 
the magnet has had the magnetic quaUty developed in it 
by that contact. If it be withdrawn from the magnet its 
power to attract ita fellow nail ceases. Contact, however, 
is not necessary. A sheet of glass or paper, or a space 
of air may exist between the magnet and the nail ; the 
latter is still magnetised, though not so forcibly as when 
in actual contact. The nail then presented to the magnet 
is itself a temporary magnet. That end which is turned 
towards the magnetic pole has the opposite magnetism of 
the pole which excites it ; the end most remote firom the 
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the same mngnetiam as the pole itself, and 
the two poles the nail, like the magnet, possesses 
iic equator. 

rsant as you now are with the theory of magnetic 
u have already, I doubt not, anticipated me in 
^' the exact condition of the iron under the in- 
f the magnet. You picture the iron as possessing 
■al fluid in abundance, you picture the magnetic 
?n brought near, decomposing the fluid ; repell- 
lluid of a like kind with itself, and attracting 
:e fluid ; tlius exciting in the parts of the iron 
itself the opposite polarity. But the iron is 
' of becoming a permanent magnet. It only 
^ virtue as long as the magnet acts upon it. 
en does the iron lack which the steel possesses ? 
coercive force. Its fluids are separated with 
once the separating cause is removed, they flow 
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hidden principles whereon the facts depend. Still, while 
you use this theory of magnetic fluids to track out the 
phenomena and link them together, be sure to tell your 
pupils that it is to be regarded as a symbol merely, — a 
symbol, moreoviir, which is incompetent to cover all the 
facts,' but which does good practical service whilst we 
are waiting for the actual truth. 

This state of excitement into which the soft iron is 
thrown by the iufluence of the magnet, ia sometimes 
called 'magnetisation by influence.' More commonly, 
however, the magnetism is said to be ' induced ' in the 
soft iron, and hence thb way of magnetising is called 
* magnetic induction,' Now, there ia nothing theoretically 
perfect in nature ; there is no iron so soft as not to possess 
a certain amount of coercive force, and no steel so hard as 
not to be capable, in some degree, of raaguetic induction. 
The quality of steel is in some measure possessed by iron, 
and the quahty of iron is shared in some degree by steel. 
It is in virtue of this latter fact that the unmngoetised 
darning needle was attracted in your first experiment; 
and irom this you may at once deduce the consequence that 
after the ateel has been magnetised, the repulsive action 
of a magnet must be always less than its attractive action. 
For the repulsion is opposed by the inductive action of 
the magnet on the steel, while the attraction is assisted 
by the same inductive action. Make this clear to your 
minds, and verify it by your experimenta In some cases 
you can actually make the attraction due to the temporary 



1^ ' ThiB theorj breaks down wbfn Rpplied to diomagnetic bodies, which m 
repelled bj mogneta. I.iko soft iron, such bodios are thrown into ft stat 

iof temporary excitement in virtue of which they are repelled, but nny at 
tempt to explain such a repuluon by the ducompodittoD of a fluid wi. 
deinoiutrate it« own futility. 
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^lu overbalance tlie repulsion due to the pcr- 
iiiagneiism, and thus cause two poles of the same 
i^rently to attract each other. When, however, 
nl magnets act on each other from a sufficient 
, ihe inductive action practically vanishes, and the 
1 of like poles is sensibly equal to the attraction 

■ one?- 

A\ thus long on elementary principles, because 

■ of the first importance, and it is the temptation 
u'e of unhealthy cramming to neglect them. Now 
ue a little further. lu examining the distribution 
letism in your strip of steel you raised the needle 
from bottom to top, and found what we called a 
jn^iiiit at the centre. Xow does tlie magnet really 
> inlluence on the pole presented to its centre? 
t-e. 

Fk.. 1. 
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by the line n m, ani.1 the magnitude and direction of the 
repulsion by the line n o. Now the particle n being 
equally tlistant from s and N, the line n o, expressing the 
repulaion, will be equal to m n, which expresses the 
attraction, and the particle n, acted upon by two such 
forces, must evidently move in the direction p re, exactly 
midway between ?« n and n o. Hence you see that 
although there is no tendency of the particle n to move 
towards the miignetic equator, there is a tendency on its 
part to move parallel to the naagnet. If instead of a 
particle of north magnetism we placed a particle of south 
magnetism opposite to the magnetic equator, it would 
evidently be urged along the line n q; and if instead of 
two separate particles of magnetism we place a little 
magnetic needle, containing both north and south mag- 
netism, opposite the magnetic equator, its south pole 
being ui^ed along n q, and its north along n p, the Uttle 
needle will be compelled to set itself parallel to the 
magnet a n. Make the experiment and satisfy yourselves 
that this is the case. 

Substitute for your magnetic needle a bit of iron 
wire, devoid of permanent magnetism, and it will set 
itself exactly as tlie needle doGs. Acted upon by the 
magnet, the wire, as you know, becomes a magnet and 
behaves as such ; it will, of covu-se, turn its north pole 
towards p, and south pole towards J, just like tlie needle. 

But supposing you shift the position of your particle of 
north magnetism, and bring it nearer to one end of your 
magnet than to the other, the forces acting on the particle 
are no longer equal ; the nearest pole of the magnet will 
act more powerfully on the particle than the more distant 
one. Let s N, fig, 2, be the magnet and n the particle 



A LECTURE ON MAGyETIS.V. 



397 



; effects in the whole domai 



of 



of the most interesting t 
magoelssm. Iron filings you know are particles of iron, 
irregular in shape, being longer in some directions than 
in others. For the present esiierimeut, moreover, in- 
stead of the iron filings, very small scraps of thin iron 
■wire might be employed. I place a sheet of paper over 
the magnet ; it is all the better if the paper be stretched 
on a wooden frame, as tliis enables ua to keep it quite 
level. I scatter the filings, or the scraps of wire from 
a sieve upon the paper, and tap the latter gently, so as 
to liberate the particles for a moment from its friction. 
The magnet acts on the fihnga through the paper, and see 
how it arranges them ! They embrace the magnet in a 
series of beautiful curves, which are technically called 
magnetic curves, or lines of magnetic force. Does the 
meaning of these lines yet flash upon you? Set your 
magnetic needle or your suspended bit of wire at any 
point of one of the curves and you will find the direction 
of the needle or of the wire to be exactly that of the 
particle of iron, or of the magnetic curve at the point. 
Go round and round the magnet ; the direction of your 
needle always coincides ivith the direction of the curve on 
which it is placed. These, then, are the hues along which 
a particle of south magnetisiUj if you could detacli it, 
would move to the north pole, and a bit of north magnet- 
ism to the south pole ; they are the lines along which the 
decomposition of the neutral fluid takes place, and in the 
case of the magnetic needle, one of its poles being urged 
in one direction, and the other pole in the opposite 
direction, the needle roust necessarily set itself as a 
tamjent to the curve. I will not seek to simplify this 
subject further. If there be anything obscure or confused 
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Iiplete in ray statemeiit, you ought now, by patient 
I to be able to clear away the obscurity, to reduce 
■usion to order, and to supply what is needed to 
|lie explanation complete. Do not quit the subject 
1 thoroughly understand it ; and if you are able 
■vith your mind's eye at the play of forces around 
It, and see distinctly the operation of those forces 
reduction of the magnetic curves, the time which 
I spent together has not been spent in vain. 
? thorough manner we must master our materials, 
lipon them, and by determined study, attain to 
|i of conception. Facta thus dealt with exercise 
lisive force upon the boundaries of thought; — 
lien the mind to generalisation. We soon re- 
L brotherhood between the larger phenomena of 
lind the minute effects which we liave observed 
private chambers. Why, we enquire, does the 
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the south pole, its north end no"w dips, and directly over 
the south pole the neetUe becomes vertical, its north end 
being now turned downwards. Thus we learn that on 
the one side of the magnetic equator tlie north end of the 
needle dips ; on the other side the south end dips, the dip 
varying from nothing to ninety degrees. If we go to the 
equatorial regions of the earth with a suitably suspended 
needle we sliall find there the position of the needle 
horizontal. If we sail north one end of the needle dips ; 
if we sail south the oi)posJte end dips ; and over the 
north or south terrestrial magnetic pole the needle sets 
vertical. The south magnetic pole has not yet been 
found, but Sir James Kosa discovered the north magnetic 
pole on the Ist of June, 1831. Iti this manner we es- 
tablish a complete parallelism between tbe action of the 
earth and that of an ordinary magnet. 

The terrestrial magnetic poles do not coincide with 
the geographical ones ; nor does tlie eartli's magnetic 
equator quite coincide with the geogra])hical equator. 
The direction of the magnetic needle in London, which is 
called the magnetic meridian, incloses an angle of 24 
degrees with the true astronomical meridian, tliis angle 
being called the Declination of the needle for London. 
The north pole of the needle now lies to tlie west of 
the true meridian ; the declination is westerly. In the 
year 1660, however, the declination was nothing, while 
before that time it was easterly. All tliis proves tliat the 
earth's magnetic constituents are gradually changing their 
distribution. This change is very slow ; it is technically 
called the secular chmige, and tlie observation oF it has 
not yet extended over a sufficient period of time to 
enable us to guess, even approximately, at its laws. 



L 
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11^ thus discovered, to Bome extent, the secret of 
h's power, we can turn it to account. I hold in 
d a poker formed of good soft iron ; it is now in 

of dip, a tangent, in fact, to the earth's line of 
c force. The earth, acting as a magnet, is at this 
. constraining the two fluids of the poker to 
■, making the lower end of the poker a north pole, 

upper end a south pole. Mark the experiment : 

I the knob uppermost, and it attracts the north 
■A magnetic neeiUe. I now reverse the poker, 
; its knob undermost ; the knob is now a north 
d attracts the south end of a magnetic needle. 

II a poker and carefully repeat this experiment: 
■ourselves that the fluids shift their position ac- 

to the manner in which the poker is presented to 
li. It has already been stated that the softest 
■sesses a certain amount of coercive forc& The 
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from tlie line of dip ; the iron, as you eeo, has become a 
permanent magnet. By reversing its position and tapping 
it again we reverse its magnetism. A thoughtful and 
competent teaclier will well know how to place these re- 
markable facts before his pupils in a manner which will 
excite their interest; he will know, and if not, will try to 
learn, how by the use of seaaible images, more or less 
gross, to give those he teaches definite conceptions, 
purifyuig these conceptions more and more as the minds 
of his pupils become more capable of abstraction. He 
will cause his logic to run like a hne of light through 
these images, and by thus actuig he will cause his boya 
to march at his side with a profit and a joy, which the 
mere exhibition of facts without principles, or the appeal 
to the bodily senses and the power of memory aloue, could 
never inspire. 



|[|Mtii*i»ii of tbn noM at p. 393, the toOamiag "-"T"^ m^y fiad • 
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When the student of physical science has to investigate 
the character of any natural force, Iiis first care must be 
to purify it from the mixture of other forces, and thus 
study its simple action. If, for example, he wishes to 
know how a mass of liquid would shape itself, if at 
liberty to follow the bent of its own molecular forces, he 
must sec that these forces have free and midisturbed 
exercise. We might perhaps refer him to Uie dew- 
drop for a solution of the question ; but here we have 
to do, not only with the action of the molecules of 
the liquid upon each other, but also with the action of 
gravity upon the mass, which pulls the drop downwards 
and elongates it. If he would examine the problem in 
its purity, he must do as Plateau has done, detach the 
liquid mass from the action of gravity ; he would then 
find the shape to be a perfect sphere. Natural processes 
come to 113 in a mixed manner, and to the un instructed 
mind are a mass of unintelligible confusion. Suppose 
half-a-dozen of the best musical performers to be placed 
in the same room, each playing his own instrument to 
perfection, but no two playing the same tune ; though 
each individual instrument might be a source of perfect 
music, still the mixture of all would produce mere noise. 
Thus it is with the processes of nature. Here mecha- 
nical and molecular laws mtermingle and create ap- 
parent confusion. Their mixture constitutes what may be 
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e noise of natural laws, and it is the vocation of 
of science to resolve tliia noise into its com- 
and tlms to detect the 'music' in which the 
1113 of nature are laid. 

L'cessity of this detachment of one force from all 
ces is nowhere more strikingly exhibited than in 
oraena of crystallisation. Here, for example, is a 
of common sulpliate of soda or Glauber salt. 
into it mentally, we see the molecules of that 
ke discipUned squadrons under a governing eye, 
g themselves into battalions, gathering round 
:entrea, and forming themselves into solid masses, 
rter a time assume the visible shape of the 
ow held in my hand. I may, like an ignorant 
wishing to liasten matters, introduce conftision 
order. This may be done by plunging a glass 
the vessel ; the consequent action is not the pure 




these prismatic masses, and when carbon crystallises, we 
have the diamond. If we wish to obtain a perfect crystal 
we must allow the molecular foires free play : if the 
crystallising mass be permitted to rest upon a surface it 
will be flattened, and to prevent this a small crystal must 
be so suspended as to be surrounded on all sides by the 
liquid, or, if it rest upon the surface, it must be turned 
daily so as to present all its faces in succession to the 
working builder. 

In building up crystals these little atomic bricks often 
arrauge themselves into layers which are perfectly parallel 
to each other, and which can be separated by mechanical 
means ; this is called the cleavage of tlie crystal. The 
crystal of sugar I liold in my hand thus far escaped the 
solvent and abrading forces which sooner or later deter- 
mine the fate of sugar-candy. I readily discover that it 
cleaves with peculiar facility in one direction. Again I 
lay my knife upon this piece of rocksalt, and with a blow 
cleave it in one direction. Laying the knife at right 
angles to its former position, tlie crystal cleaves again ; 
and finally placing tlie knife at right angles to the two 
former positions, we find a third cleavage. Eocksalt 
cleaves in three directions, and the resulting solid is this 
perfect cube, which may be broken up into any number 
of smaller cubes. Iceland spar also cleaves in three 
directions, not at right angles, but oblique to each other, 
the resulting solid being a rhomboid. In each of these 
cases the mass cleaves with equal facility in all three 
directions. For the sake of completeness I may say that 
many crystals cleave with unequal facility in different 
directions : heavy spar presents an example of this kind 
of cleavage. 
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Ti we now to the consideration of some other jAe- 

ucanena to which the term cleavage may be applied 

Beecli, deal, aud other woods cleave with facility along 

the fibre, aud diis clea%-age is most perfect when the edge ' 

of the ase is laid across the rings which mark the growtli 

of the tree. If yon look at this bundle of hay severed ' 

>m a rick, you will see a sort of cleavage in it also ; the ] 

dka lie in parallel planes, and only a small force is 

quired to separate them e rally. But we cannot 

regai-d the cleavage of th( m tiie. same in character 



ae case it is the molecules 

! to organic laws which 

the other case the easy 

i due to the mechanical 

le masses of tlie stalks of 

X a powder, more or les 



; that of the hayri 
arranging lliomselv ac 
pi-oJui-e a cleavable s 
sepanitioii in one dii 
arrangement of the coa 
hay. 

This sandstone rock wt 
coarse, held in mechanical suspension by water. The 
powder was composed of two distinct parts, fine grains of 
f;uid and small plates of mica. Imagine a wide strand 
covered by a tide, or an estuary with water which holds 
such powder in suspension : how will it sink ? The 
roimded grains of sand will reach the bottom first, 
because they encounter least resistance, the mica after- 
wards, and when the tide recedes we have the little 
plates shining hke spangles upon the surface of the sand. 
Each successive tide brings its charge of mixed powder, 
deiwjsits its duplex layer day after day, and finally masses 
of immense thickness are piled up, which by preserving 
the alternations of sand and mica tell the tale of their 
formation. Take the sand and mica, mix them tt^ether in 
water, and allow them to subside ; they will arrange them- 




selves in tlie manner indicated, and by repeating the 
process you can actually build up a mass which shall be 
the exact counterpart of that presented by nature. Now 
this structure cleaves with readiness along the planes in 
■which the particles of mica are strewn. Specimens of 
such a rock seut to me from Halifax, and other masses 
from the quarries of Over Darwen in Lancashire, are here 
before you. With a hammer and chisel I can cleave 
them into flags ; indeed these flags are employed for 
roofing purposes in the districts from which the specimens 
have come, and receive the name of ' slatestone.' But 
you will discern without a word from me, that this 
cleavage is not a crystalline cleavage any more than that 
of a hayrick is. It is molar, not molecular. 

This, so far as I am aware of, has never been imagined, 
and it has been agreed among geologists not to call such 
splitting as this cleavage at all, but to restrict the terra 
to a phenomenon of a toUiUy diflerent character. 

Those who have visited the slate quarries of Cumberland 
and North "Wales will have witnessed the phenomenon to 
which I refer. We have long dj-awn our supply of 
roofing-slates from such quarries ; school-boys ciphered on 
these slates, they were used for tombstones in church- 
yards, and for billiard-tables in the metropolis ; but not 
until a comparatively late period did men begin to enquire 
how their wonderful structure was produced. What is 
the agency which enables us to split Honister Crag, or the 
clifla of Snowdon, into laminaj from crown to base ? Tliis 
question is at the present moment one of the great diffi- 
culties of geologists, and occupies their attention perhaps 
more than any other. You may ^^'onde^ at tliis. Looking 
into the quairy of Penrliyn, you may be disposed to ofier 
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liiuation I heard given two years ago. 'Tliese 
If cleavjige,' said a friend who stood beside me on 
py's edge, ' are the planes of stratification which 
In lifted by some convulsion into an almost verti- 
Biit this was a mistake, and indeed here 
I grand difficulty of the problem. I'he planes of 
p stand in most cases at a high angle to the bed- 
[I'hanks to Sir Eoderick Murchisoa, I am able to 
.' proof of this before you. Here is a specimen of 
iv'hich both the planes of cleavage and of bedding 
.iictly mai'ked, one of them making a large angle 
■ other. This is common. The cleavage of slates 
liot a question of stratification; what then is its 



able and elaborate essay pubhshed in 1835, Prof. 
Ik proposed the theory that cleavage is due to the 
rj*stalline or polar forces subsequent to the 
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indeed. Las, in some cases, caused speculation to run riot, 
and we have books published on the action of polar 
forces and geologic magnetism, which rather astonish 
those who know something about the subject. According 
to this theory whole districts of North Wales and Cum- 
berland, mountains included, are neither more nor less 
than the parts of a gigantic crystal These masses of 
slate were originally fine mud, composed of the broken 
and abraded particles of older rocks. They contain silica, 
alumina, potash, soda, and mica mixed mechanically 
t(^ther. In the course of ages the mixture became 
consolidated, and the theory before us assumes that a 
process of crystaUisation afterwards re-arranged the 
particles and developed in it a single plane of cleavage. 
Though a bold, and I think inadmissible, stretch of 
analc^ies, this hypothesis has done good service. Eight 
or wrong, a tlionghtfuUy uttered tlieory has a dynamic 
power which operates against intellectual stagnation ; 
and even by provoking opposition is eventually of 
service to the cause of truth. It would, however, have 
been remarkable if, among the ranks of geologists them- 
selves, men were not found to seek an explanation of slate- 
cleavage involving a less hardy assumption. 

The first step in an enquiry of this kind is to seek facts. 
This has been done, and the labours of Dauiel Sharpe 
(the late President of the Geological Society, who, to the 



Iwen BO faented as to n\\aw of a conimencemeQt of crj'stnlliMlioD, that is to 
M.J, if tbe; hate been heated to a point at which the particles can begin 
to move amongst themaelTes, or at leant on their own axes, some gsDerol 
law muGt then determine the position ia which these particles will real 
on cooling. Prohnbly that poaition will Lave nome relation to the direc- 
tion in which the beat eacftpea. Now when all or a majority of particlea 
of the aame nature have a general tendency to one poaitioo, that must of 
course determine a cleavage plane.' 
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oience and the sorrow of all who knew him, has 
eiily been taken away from us), Mr. Henry 
>orby, and others have furnished us with a body 
associated with slaty cleavage, and having a most 
lit beai'ing u]H)n the question. 

shells are found in lliese slate-rocks. I have 
eral specimens of such shells in the actual rock, 
iipying various positions in regard to the cleavage 
They are squeezed, distorted, and crushed ; in 
s tlic distortion leads to the inference that the 
liich contains these sheila has been subjected to 
lis pressure in a direction at right angles to the 
,)f cleavage. The shells are all flattened and 
out in these planes. Compare this fossil trilo- 
iiornial proportions with these others which have 
distortion. Some have lain across, some along, 
!(■ oblique to the cleavage of the slate in which 
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been squeezed. We find in tliia way that the yielding of 
the mass has been considerable. 

Let rae now direct your attention to another proof 
of pressure ; you see the varying colours which indicate 
the bedtling on this mass of slate. The dark portion is 
gritty, being composed of comparatively coarse particles, 
which, owing to their size, shape, and gravity, sink Grst 
and constitute the bottom of each layer. Gradually, from 
bottom to top the coarseness dimiuishes, and near the upper 
surface we have a layer of eseedingly fine mud. It is the 
raud thu3 consolidated from wliich are derived the German 
razor-stones, so much prized for the sharpening of surgical 
instruments. When a bed is thin, the fine white mud is 
pennitted to rest upon a slab of the coarser slate in con- 
tact with it : when the bed is thick, it is cut into slices 
which are cemented to pieces of ordinary slate, and 
thus rendered stronger. The noud thus deposited is, as 
might be expected, often rolled up into nodular masses, 
carried forward, and deposited among coarser material 
by the rivers from whicli the slate-mud has subsided. 
Here are such nodules enclosed in sandstone. Everybody, 
moreover, who has ciphered upon a school-slate must re- 
member the whitish-green spots which sometimes dotted 
the surface of the slate, and over which the pencil usually 
slid as if the spots were greasy. Now these spots are 
composed of the finer mud, and they could not, on 
account of their fineness, bite the pencil like the sui'- 
rounding gritty portions of the slate. Here is a beautiful 
example of tlicse spots : you observe them on the cleav- 
age surface in broad round patches. But turn the slate 
edgeways and the section of each nodule is seen to be 
a sharp oval with its longer axis parallel to the cleavage. 
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rocka have been subjected to enormous pressure in a 
direction at right angles to the planes of cleavage. 

In reference to Mr. Sorby's contorted bed, I have said 
that by supposing it to be stretched out and its length mea- 
sured, it would give us an idea of the amount of yielding of 
the mass above and below the bed. Such a measurement, 
however, would not give the exact amount of yielding. 
I hold in my hand a specimen of slate with its bedding 
marked upon it ; the lower portions of each layei- being 
composed of a comparatively coarse gritty material some- 
tiling like what you may suppose tlie contorted bed to 
be composed of. Now in crossing these gritty portions, 
the cleavage turns, as if tending to cross the bedding at 
another angle. When the pressure began to act, the 
intermediate bed, which is not entirely unyielding, suf- 
fered longitudinal pressure ; aa it bent, the pressure 
became gradually more lateral, and the direction of 
its cleavage is exactly such as you would infer from 
an action of this kind — it is neither quite across the 
bed, nor yet in the same direction as the cleavage of the 
date above and below it, but intermediate between both. 
Supposing the cleavage to be at right angles to the 
pressure, this is the direction which it ought to take 
across these more unyielding strata. 

Thus we have establislied the concurrence of the 
phenomena of cleavage and pressure — that they accom- 
pany each other ; but the question still remains, Is the 
pressure sufEcient to account for tl)e cleavage? A single 
geologist, as far as I am aware, answers boldly in the 
affirmative. This geologist is Sorby, who has attacked 
the question in the true spirit of a physical investigator. 
Call to mind the cleavage of the flags of Halifax and 
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mveii, wtiicli is caiiaed by tlie ioterposition of 

f mica between the gritty strata. Mr. Sorby 
tea of mica to be also a constituent of slate-rock, 
liimself, what will be the effect of pressure upon 
.■ontaining sucli plates confusedly mixed up in it P 
1?, he argues, and he argues rightly, to place the 
ith their ilat surfaces more or less perpendicular 
irection in whicli the pressure is exerted. He 
des of the oxide of iron, mixes them with a fine 
and on squeezing the mass finds that the ten- 
■ the scales is to set themselves at right angles to 
of pressure. Along the planes of weakness pro- 
V the scales tlie mass cleaves. 
■^ts of a different character from those apphed by 
>y, it might be shown how true his conclusion ia, 
effect of pressure on elongated particles, or 
viU be sucli as he describes it. But while the 
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am unable to say nt the present moment that the cleavage 
is sensibly afTectod by their presence — if anything, I 
should say they rather impair ita fineness and clearness 
than promote it. 

Tlie finer the slate is the more perfect will be the resem- 
blance of its cleavage to that of the was. Compare the 
surface of the was with the surface of this slate from 
Borrodale in Cumberland. You have precisely the same 
features in both : you see flakes cUnging to the surfaces of 
each, which have been partially torn away iu cleaving. 
Let any close observer compare these two effects, he 
will, I am persuaded, be led to the conclusion that they 
arc the product of a common cause,' 

But you will ask me how, according to my view, does 
pressure produce this remarkable result. This may be 
stated iu a very few words. 

There is no such thing in nature as a body of perfectly 
homogeneous structure. I break this clay wliich seems 
so uniform, and find that the fracture presents to my eyes 
innumerable surfaces along which it has given way, and 
it has yielded along those surfaces because in them the 
cohesion of the mass is less than elsewhere. I break this 
marble, and even this wax, aud observe the same result ; 
look at the mud at the bottom of a dried pond ; look to 
some of the ungraveUed walks in Kensington Gardens on 
drying after rain, — they are cracked and split, and other 
circumstances being equal, they crack and split where the 
cohesion is least. Take then a mass of partially con- 

' I have usuallj aoftened the wax hy warming it, knetkdod it with the 
fingers, and pressed it between thick pltttaB of glass previously wetted. 
At the ordinary HUmniertemporatura tho praased was ia soft, and t«nra rather 
thnn cleaves; on this account I cool my compressed spocinians in a mixture 
of pounded tea and salt, and when thus coaled thny aplit beautifully. 
E E 
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solidatcd mud. Such a mass is divided and subdivided 
by interior surfaces along which the cohesion is com- 
paratively small. Penetrate the mass in idea, and you 
will see it composed of numberless irregular polyhedra 
bounded by surfaces of Tveak cohesion. Imagine such a 
mass subjected to pressure, — it yields and spreads out in 
the direction of least resistance ; ' the little polyhedra 
become converted into laminie, separated from each other 
by surfaces of weak cohesion, and the infallible result will 
be a tendency to cleave at right angles to the line of 
pressure. 

Fiurther, a mass of dried mud is full of cavities and 
fissures. If you break dried pipe-clay you see them in 
great numbers, and there are multitudes of them so small 
that you cannot see them. A flattening of these cavities 
must take place in squeezed mud, and this must to 
some extent facihtate the cleavage of the mass in the 
direction indicated. 

Although the time at my disposal has not permitted 
me duly to develope these thoughts, yet for the last 
twelve months the subject has presented itself to me 
almost daily under one aspect or another. I have never 
eaten a biscuit during this period without remarking the 
cleavage developed by the rollingpin. You have only to 
break a biscuit across, and to look at the fracture, to see 
the laminated structure. We have here the means of 

' It La scarcely necessary to say thftt if the mass were squeezed equally 
in all directions no laminated structure could be produced ; it must have 
room to yield in a lateral direction. Mr. Warren De la liue informs mu 
that he once wished to obtain white-lead in r fine granular Etate, and U> 
Rccomplish this he flrat compressed it. The mould wna conical, nnd per- 
mitted the lead to spread out a little laterally. Tbe lamination was ae 
perfect as that of «1at<>, and it quite defeated him in bi.s effort to obtain a 
(rranular powder. 
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pushiug the analogy further. I invite you to compare 
the structure of this slate, whicli was subjected to a high 
temperature during the conflagration of Mr. Scott Russell's 
premises, with that of a biscuit. Air or vapour within 
the slate has caused it to swell, and the mechanical 
structure it reveals is precisely that of a biscuit. During 
these enqtiiries I have received much instruction in the 
manufacture of puff-paste. ITere is some such paste 
baked under ray own superintendence. The cleavage of 
our hills is accidental cleavage, but this is cleavage with 
intention. The vohtion of the pastrycook has entered 
into its formation. It has been his aim to preserve a 
series of surfaces of structural weakness, along which the 
dough divides into layers. Puff-paste in preparation must 
not be handled too much ; it ouglit, moreover, to be rolled 
on a cold slab, to prevent the butter from melting, and 
diffusing itself, thus rendering the paste more homogeneous 
and less liable to split. Puff-paste is, then, simply an ex- 
aggerated case of slaty cleavage. 

The principle which I have enunciated is so simple as 
to be almost trivial ; neverthele.s3, it embraces not only 
the cases mentioned, but, if time permitted, it might 
be shown you that the principle has a much vrider 
range of application. "When iron is taken from the 
puddling furnace it is more or less spongy, an aggregate 
in fact of small nodules : it is at a welding heat, and at 
this temperature is submitted to the process of rolling. 
Bright smooth bars are the result. But notwithstanding 
the high heat the nodules do not perfectly blend together. 
The process of rolhng draws them into fibres. Here is 
a mass acted upon by dilute sulphuric acid, which exliibita 
in a striking manner this fibrous structure. The experi- 
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as made by my friend Dr. Percy, without any 
e to the question of cleavage. 
: a piece of ordinary iron and you liave a granular 
; beat the iron, you elongate these granules, and 
euder the mass fibrous. Here are pieces of rails 
hich the wheels of locomotives have sKdden ; the 
i have yielded and become plates. They exfoliate 
off in leaves; all these effects belong, I believe, 
reat class of phenomena of which slaty cleavage 
le most prominent example.' 

uld now lay more stress on the lateral yielding, 
to in the note at the bottom of page 418, 
inied as it is by tangential shding, than I was 
1 to do when tliis lecture was given. This shding 
ak, the principal cause of the planes of weakness, 
pressed wax and slate rock. J. T. 1871.] 
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DEATH BY LiaSTNING. 

People in general imagine, when they think at all about 
the matter, that an impression upon the nerves — a blow, 
for example, or the prick of a pin. — is felt at the moment 
it 18 inflicted. But this is not the case. The seat of 
sensation is the brain, and to it the intelligence of any 
impression made upon the nerves has to be transmitted 
before this impression can become manifest in conscious- 
ness. The transmission, moreover, requires time, and the 
consequence is, that a wound inflicted on a portion of the 
body distant from the brain is more taidily appreciated 
than one inflicted adjacent to the brain. By an extremely 
ingenious experimental arrangement, Helmholtz has de- 
termined the velocity of this nervous transmission, and 
finds it to be about one hundred feet a second, or less 
than one-tenth of the velocity of sound in air. If, there- 
fore, a whale fifty feet long were wounded in the tail, it 
would not be conscious of the injury till half a second 
after the wound had been inflicted.^ But this is not the 
only ingredient in the delay. There can scarcely be a 
doubt that to every act of consciousness belongs a deter- 
minate molecular arrangement of the brain — that every 



' A inoat admirable lecture on the velocity of nerv 
been publiebed by Dr. Dtt Bois-Raymond in the Proetedmffi of (A* Soj/ai 
tnttittdion foe IW&, toI. iv. p. fi75. 
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or feeling has its physical correlative in that 
anil nothing can be more certain tban that every 

change, whether molecular or mechanical, re- 
me for its accomplishment. So that, besides the 
of transmission, a still further time is necessary for 
[1 to put itself in order — for its molecules to take 
notions or positions necessary to the completion of 
isness. Helmholtz considers that one-tenth of a 
s demanded for tills purpose. Thus, in the case 
■hale above supposed, we have first half a second 
>d in the transmission of the intelligence through 
or nerves to the head, one-tenth of a second con- 
by the brain in completing the arrangements 
y to consciousness, and, if the velocity of trans- 
through the motor be the same as that through 
or nerves, half a second in sending a command 
111 to defend itself. Thus one second and a tenth 
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Doubtless there are many kiuJs of death of this cha- 
racter. The passage of a musket-biiUet through the brain 
is a case in point ; and the placid aspect of a man thus 
killed is in perfect accordance with the conchision which 
might be drawn a pnori from the experiments of Hehn- 
holtz. Cases of insensibility, moreover, are not uncommon 
which do not result in death, aad after whicli the persons 
affected have been able to testify that no piuii was felt 
prior to the loss of consciousness. 

Tlie time required for a rifle-bidlet to puss clean through 
a man's head may be roughly estimated at a thousandth 
of a second. Here, therefore, we should have no room 
for sensation, and death would be painless. But there 
are other actions which far transcend in rapidity that of 
the rifle-bullet. A flash of lightning cleaves a cloud, 
appearing and disappearing in less than a hundred- 
thousandth of a second, and tiie velocity of electricity is 
Buch as would carry it in a single second over a distance 
almost equal to that which separates the earth and moon. 
It is well known that a luminous impression once made 
upon the retina endures for about one-sixth of a second, 
and that this is the reason why we see a ribbon of light 
when a glowing coal is caused to pass rapidly through the 
air, A body illuminated by an instantaneous flash con- 
tinues to be seen for tlie sixth of a second after the flash 
has become extinct; and if the body thus illuminated be 
in motion, it appears at rest at the place where the flash 
falls upon it. The colour-top is familiar to most of 
us. By tliis instrument a disk with differently-coloured 
sectors is caused to rotate rapidly ; the colours blend 
together, and, if they are chosen in the proper pro- 
jxjrtions, when tlie motion is sufficiently rapid the disk 
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white. Sucli a top, rotating in a dark room and 
.ed by an electric spark, appears motionless, eacli 
colour being clearly seen. Professor Dove lias 
;it a flash of lightning" produces the same effect. 
■X thuiidcr-Btorin he put a colour-top in excecd- 
tid motion, and found that every flash revealed 
■M a motionless object with its colours distinct. If 
ted solely by a flash of lightning, the motion of 
L's on tlic ciu-th'a surface would, as Dove has 
d, appeal- suspended, A cannon-ball, for example, 
;ive its flight apparently arrested, and would seem 
motionless in space as long as the luminous im- 

wliich revealed the ball remained upon the eye. 
jii, a rille-buUet move with sufficient rapidity to 
life without the interposition of sensation, much 

a (liish of lightning comiietent to produce tliis 
Accordingly, m-c have well-autlienticated cases of 
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passed from the conscious to the iinconscious condition 
without pain. The visible marks of a lightning stroke 
are usually insignificant: the hair ia sometimes burnt; 
slight wounds arc observed ; while, in some instances, a 
red streak marks the track of the dischai^e over the 
fikin. 

Under ordinary circumstances, the discharge from a 
small Leyden jar is exceedingly unpleasant to myself. 
Some time ago I liapi>ened to st^ind in the presence of a 
numerous audience, with a battery of fifteen large Leyden 
jars charged beside me. Through some awkwardness on 
my part, I touched a wire leading from the battery, and 
the dischai^o went through my body. Life was abso- 
lutely blotted out for a very sensible interval, without a 
trace of pain. In a second or so consciousness returned ; 
I saw myself in the presence of the audience and ap- 
paratus, and, by the help of these external appearances, 
immediately concluded that I had received the battery 
discharge. The intellectual consciousness of my position 
was restored with exceeding rapidity, but not so the 
optical consciousness. To prevent the audience from 
being alarmed, I observed that it had often been my 
desire to receive accidentally such a shock, and that my 
wish had at length been fulfilled. But while making this 
remark, the appearance which my body presented to my- 
self was that of a number of separate pieces. The arms, 
for example, were detached from the tnink, and seemed 
suspended in the air. In fact, memory and the power 
of reasoning appeared to he complete long before the 
optic werve was restored to healthy action. But what I 
wish chiefly to dwell upon here is, the absolute painless- 
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of Ae ^Mxk; aoBi tkoe cumoi be a doubt, that to 
savk dead bj l^^itning, the passage from life 
to daidk cicoBs vkhoiia oonacicMSiess bdng in the least 
desree kipBraipd. It b an afarapi ^of^nge of sensation, 

ta3»paaifd hj a pang. 
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SCIENCE AND SPIUITS. 

TuEiR refusal to investigate ' spiritual phenomena ' is often 
urged as a reproach to scientific men. I liere propose to 
give a sketch of an attempt to apply to the ' phenomena ' 
those methods of enquiry which are found available in 
dealing with natural truth. 

Some time ago, when the spirits were particularly 
active in tliis country, a celebrated philosopher was 
invited, or rather entreated, by one of his friends to meet 
and question them. He had, however, already made 
their acquaintance, and did not wish to renew it. I had 
not been ao privileged, and he therefore kindly arranged 
a transfer of the invitation to me. The spirits them- 
selves named the time of meeting, and I was conductetl 
to the place at the day and hour appointed. 

Absolute unbelief in the facts was by no means my 
condition of mind. On the contrary, I thought it pro- 
bable that some physical principle, not evident to the 
spiritualists themselves, might underlie their manifesta- 
tions. Extraordinary effects are produced by the accu- 
nnilatiou of small impulses. Gnliloo set a heavy pendulum 
in motion by the well-timed p^lfl^ of his breath. Elhcot 
set one clock going by the ticks of another, even when 
the two clocks were separated by a wall. Preconceived 
notions can, moreover, vitiate, to an extraordinary d^ee, 
the testimony of even veracious persons. Hence my desire 
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those extraordinary phenomena, tJie esbtence 
seemed placed beyond a doubt by the known 
f those who liad wituessed and described them, 
ing took place at a private residence in the 
hood of London. My liost, his intelligent wife, 
llenian wlio may be called X., were in the house 
rived. I was informed that the 'medium' had 
iiade her appearance ; that she was sensitive, 
f. resent suspicion. It was tlierefore requested 
ibles and chairs sliould be examined before her 

order to be assured that there was no trickery 
niture. This was done ; and I then first learned 
liospitable host had arranged that the seance 

a dinner-party. This was to me an unusual 
nvestigation ; but I accepted it, as one of the 
of the occasion. 
Lodium ' arrived — a delicate-looking young lady, 
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you wish to win to your cause an apostle, who will pro- 
claim your principles to the world without fear, tell me 
what I am now thinking of.' X reddened, and did not tell 
me my thought. 

Some time previously I had visited Baron Reicher.- 
bach, in Vienna, and I now aaked the young lady who 
sat beside me, whether she could see any of the curious 
things which he describes — the light emitted by crystals, 
for example ? Here is the conversation wliich followed, 
as extracted from my notes, written on the day following 
the stance. 

Medium. — 'Oh, yes; but I see light around all 
bodies.' 

/. — ' Even in perfect darkness ? ' 

Medium. — 'Yes; I see luminous atmospheres round 
all people. The atmosphere which surrounds Mr. E. C. 
would fill this room with hght.' 

/. — ' You are aware of the effects ascribed by Baron 
Keichenbach to magnets ? ' 

Medium. — ' Yes ; but a magnet makes me terribly ill.' 

/. — ' Am I to understand that, if tliis room were 
perfectly dark, you could tell whether it contained a 
magnet, without being informed of the fact ? ' 

Medium. — ' I should know of its presence on entering 
the room." 

/._' How ? ■ 

Medium. — ' I should be rendered instantly ill.' 

/. — 'How do you feel to-day? ' 

Medium. — ' Particularly well ; I have not been so well 
for months.' 

/. — 'Then, may I ask you whether there is, at tlie 
present moment, a magnet in my possession i' ' 
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img lady looked at me, blushed, and stammered, 
L am not en Tapport with you.' 
( her right hand, and a left-hand pocket, within 
of her person, contained a magnet. 
St here deprecated discussion, as it ' exhausted 
ini.' Tlie wonderful narratives were resumed; 
d narratives of my own quite as wonderfid. 
rits, indeed, seemed chimsy creations, compared 
■ with wliieh my own researches had made me 
I therefore began to match the wonders re- 
rae by otlier wonders. A lady present dis- 
m spiritual atmospheres, which she could see 
'ul coloui-s when she closed her eyes. I pro- 
^elfable to see similar colours, and more than 
: able to see the interior of my own eyes. The 
iifiirmed that she could see actual waves of 
ling from the sun. I retorted that men of 
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from time to time under tlie table. Tliese were the 
spirits' knocks. I was informed that one knock, in 
answer to a question, meant ' No ; ' that two knocks 
meant ' Not yet ; ' and tliat three knocks meant ' Yes.' 
In answer to the question whether I was a medium, the 
response was three brisk and vigorous knocks. I noticed 
that the knocks issued from a particular locality, and 
therefore requested the spirits to be good enough to 
answer from another corner of the table. They did not 
comply ; but I was assured that they would do it, and 
much more, by-and-bye. The knocks continuing, I 
turned a wine-glass upside down, and placed my ear 
upon it, as upon a stethescope. The spirits seemed 
disconcerted by the act ; they lost their playfiilness, and 
did not quite recover it for a considerable time. 

Somewhat weary of the proceedings, I once threw 
myself back against my cbair and gazed listlessly out of 
the window. While thus engaged, the table was rudely 
pushed. Attention was drawn to the wine, still oscillat- 
ing in the glasses, and I was asked whether that was not 
convincing. I readily granted the fact of motion, and 
began to feel the delicacy of my position. There were 
several pairs of arms upon the table, and several pairs of 
legs under it ; but liow was I, without ofleuce, to express 
the conviction which I really entertained ? To ward off 
the difficulty, I again turned a wine-glass upside down 
and rested my ear upon it. The rim of the glass was 
not level, and the hair on touching it, caused it to 
vibrate, and produce a peculiar buzzing sound. A per- 
fectly candid and warm-hearted old gentleman at the 
opposite side of the table, whom I may call A., drew 
attention to the sound, and expressed his entire belief 
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%s spiritual. I, however, informed him that it 
iioving hair acting on the glass. The explana- 
not well received ; and X., in a tone of severe 
r, demanded whether it was the hair that had 
!ic table. The promptness of my negative 
satisfied him that ray notion was a very differ- 

iperhuman power of the spirits was next dwelt 
he strength of man, it was stated, was unavail- 
iposition to theirs. No human power could 
the table from moving when they pulled it. 
lie evonhig this pulling of tlie table occurred, 
was attempted, three times. Twice the table 
lion my attention was withdrawn from it ; on a 
ision, I tried whether the act could be provoked 
aimed air of inattention. Grasping the table 
tweei^i^neea^^hrc^mvsel^jac^^i^^ 
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ment of our positions was proposed and carried out ; and 
f soon afterwards my attention was drawn to a scarcely 
sensible vibration on the part of the table. Several 
^ persons were leaning on the table at tlie time, and I 
asked jiermission to touch the medium's hand. ' Oh, I 
know I tremble,' was her reply. Throwing one leg 
across the other, I accidentally nipped a muscle, and 
produced tliereby an involuntary vibration of the free 
leg. This vibration, I knew, must be communicated to 
the floor, and thence to the chairs of all present. I 
therefore intentionally promoted it. My attention was 
promptly drawn to tlie motion ; and a gentleman beside 
me, whose value as a witness I was particularly desirous to 
teat, expressed his belief, that it was out of the compass 
of human power to produce ao strange a tremor. ' I 
believe,' he added earnestly, * tliat it is entirely the spirits' 
■work.' ' So do I,' added, with heat, the candid and 
warmhearted old gentleman A. 'Why, sir,' he con- 
tinued, ' I feel them at this moment shaking my chair.' I 
stopped the motion of the leg. *Now, sir," A. ex- 
claimed, 'they are gone.' I began again, and A. 
once more ejaculated. I could, however, notice that 
there were doubters present, who did not quite know 
what to think of the manifestations. I saw their per- 
plexity; and, as there was sufficient reason to believe that 
the disclosure of the secret would simply provoke anger, 
I kept it to myself. 

Again a period of conversation inter\"ened, during 
which the spirits became animated. The evening was 
confessedly a dull one, but matters appeared to brighten 
towards its close. The spirits were requested to spell the 
name by which I am known in the heavenly world Our 
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imenccd repeating the alphabet, and when he 
the letter 'P' a knock was heard. He began 
d tlie spirila knocked at the letter ' 0.' I was 
but waited for the end. The next letter knocked 
,3 ' E.' 1 laughed, and remarked that the spirits 
Dg to make a poet of mo. Admonished for my 
was informed that the frame of mind proper for 
ision ought to have been superinduced by a 
if the Bible immediately before the seance. The 
however, went on, and sure enough I came out 
But matters did not end here. Our host con- 
is repetition of tlie alphabet, and the next letter 
ime proved to be ' 0.' Here was manifestly an 
(1 word ; and the spirits were apparently in their 
lunuiiicative mood. The knocks came from under 
.', but no person present evuiced the slightest 
» look under it. I asked whether I might go 
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scientiGc maii to look into these spiritusil phenomena. It 
is not encouraging ; and for this reason. The present 
promoters of spiritual phenomena divide themselves into 
two classes, one of which needs no demonstration, wliile 
the other is beyond the reach of proof. The victims 
like to believe, and they do not like to be undeceived. 
Science is perfectly powerless iu the presence of tliis frame 
of mind. It is, moreover, a state perfectly compatible 
with extreme intellectual subtlety and a capacity for 
devising hypotheses which only require the hardihood 
engendered by strong couviction, or by callous mendacity, 
to render them impregnable. The logical feebleness of 
science is not sufficiently borne in mind. It keeps down 
the weed of superstition, not by logic, but by slowly 
rendering the mental soil unfit for its cultivation. When 
sdence appeals to uniform experience, the spiritualist will 
retort, ' How do you know that a uniform experience will 
coDtinue uniform? You tell me that the sun has risen 
for 6,000 years : that is no proof that it will rbe to- 
' morrow ; within the next twelve hours it may be puffed 
' out by the Almighty.' Taking this ground, a man 
may mdintain the story of 'Jack and the Bean-stalk' in 
the face of all the science in the world. You urge, in 
vain, that science has given us all the knowledge of the 
universe which we now possess, while apirituaUsm has 
added nothing to that knowledge. The drugged soul 
is beyond tiie reach of reason. It is in vain that im- 
postors are exposed, and the special demon cast out. 
He has but sligbtly to change his shape, return to his 
hoxise, and find it ' empty, swept, and garnished.' 
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VITALITY. 

;iii, growth, anil energies of living things are 
which liave always engaged the attention of 
men. To account for them it waa usual to 
I special agent, to a great extent free from 
itions observed among the powers of inorganic 
This agent was called the vital force ; and, 
3 influence, plants and animals were supposed 
:t their materials and to assume determinate 
Within the last twenty years, however, our 
vital processes have undergone profound modifi- 
and the interest, and even disquietude, which 
gc has excitxid in Bome minds are amply evidenced 



VITALITY. 4S7 

would have assentetl, ia a general way, to its correctness. 
Their assent, however, was more poetical than scientific, 
and they were by no mcnns prepared to see a rigid 
mechanical signification attached to their words. This, 
however, is the peculiarity of modem conclusions : — that 
there ia no creative energy whatever in the vegetable or 
animal organism, but that all the power which we obtain 
from the muscles of men and animals, as much as that 
which we develope by the combustion of wood or coal, 
has been produced at the sun's expense. The sun is so 
much colder that we may have our fires ; he is also ao 
much colder that we may have our horse-racing and 
Alpine climbing. It is, for example, certain that the 
sun has becen chilled to an extent capable of being ac- 
curately expressed in numbers, in order to furnish the 
power which lifted this year a certain number of touriata 
from the vale of Chamouni to the summit of Mont Blanc. 
To most minds, however, the energy of hght and boat 
presents itself as a thing totally distinct from ordinary me- 
chanical energy. But either of them can bo derived from 
the other. By the friction of wood a savage can raise it 
to the temperature of ignition ; by properly striking a 
piece of iron a skilful blacksmith can cause it to glow, 
and thus, by the rude agency of his hammer, he gene- 
rates hght and heat. This action, if carried far enough, 
would produce the light and heat of the sun. In fact 
the sun's hght and heat have actually been referred 
to the fall of meteoric matter upon his surface ; and 
whether the sun is thus supported or not, it is perfectly 
certain that he might be thus supported. Whether, more- 
over, the whilom molten condition of our planet was, as 
supposed by eminent men, due to the coUisiou of cosmic 
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iKjt. it ia perfectly certain that the molten con- 
|/A/Aethu3 brought about. If, then, solar light and 
I be produced by the impact of dead matter, and 
lie light and heat t!ius produced we can derive 

■gies which we have been accustomed to call 
Indubitably follows that vital energy may have a 

:ely mechanical origin. 

lat sense, then, ia the sun to be regarded as the 

the energy derivable from plants and animals? 

ly to give an intelligible answer to this question. 

lay be raised from tlie sea-level to a high cleva- 

. then permitted to descend. In descending it 
I made to assume various forms — to ftdl in cas- 

> spurt in fountains, to boil in eddies, or to flow 
|y along a uniform bed. It may, moreover, be 
Id set complex machinery in motion, to turn mill- 
Bthrow shuttles, work saws and hammers, and 
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tion of the atoms of compound aubstances by the sun. 
We name the force wbicli draws the water earthward 
' gravity," and that which diaws atoms together ' chemical 
affinity ; ' but these different names must not mislead ua 
regarding the qualitative identity of the two forces. They 
are both attractions, and, to the intellect, the falling of 
carbon atoms against oxygen atoms is not more difficult 
of conception than the falling of water to the earth. 

The building up of the vegetable, then, is effected by 
the sun through the reduction of chemical compounds. 
7%e phenomena of animal life are more or less compli- 
cated reversals of these processes of reduction. We eat 
the vegetable, and we breathe the oxygen of the air, and 
in our bodies the oxygen wliich had been lifted from the 
carbon and hydrogen by the action of the sun again falls 
towards them, producing animal heat and developing 
animal forms. Through the most complicated phenomena 
of vitality tliis law runs : — the vegetable is produced while 
a weight rises, the animal is produced while a weight 
falls. But the question is not exhausted here. The 
water employed in our first illustration generates all the 
motion displayed in its descent, but the form of the 
motion depends on the character of the macliinery inter- 
posed in the path of the water. In a similar way the 
primary action of the sun'a rays is qualified by tlie atoms 
and molecules among which their energy is distributed. 
Molecular forces determine the form which the solar 
energy will assume. In the separation of the carbon 
and oxygen this energy may be so conditioned aa to 
result in one case in the formation of a cabbage, and in 
anoUier case in the formation of an oak. So also as 
regards the reunion of the carbon and the oxygen, the 
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[■ niiicliiiK.'ry Uirough which the combining energy 

L ill one cose, weave the texture of a firog, while 

It' it limy woave the texture of a man. 

latter of the animal body is that of inorganic 

Tlieru is no substance in the animal tissues 

liiot primarily derived from the rocks, the water. 

Are the forces of organic matter, then, 

liu kind from those of inoiganic matter ? The 

■ly of the present day negatives the question. 

compounding in the oi^nic world of forces 

: equally to the inorganic that constitutes the 

liiiul the miracle of vitality. Every portion of 

liiiiftl body may be reduced to pm-ely inorganic 

I A [lerfect reversal of this process of reduction 

"ly UH fram the inorganic to the orgauic ; and 

ieve-rsid Ih at least conceivable. The tendency, 

■ uioderii science is to break down the wall of 
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tained across this flight of molecules? To man, as we 
know him, matter is necessary to consciousness, but the 
matter of any period may be all changed, while con- 
sdousness exhibits no solution of continuity. Like chan- 
ging sentinels, the oxygen, hydrogen, and carbon that 
depart seem to whisper their secret to their comrades 
that arrive, and thus, while the Non-ego shifts the Ego 
remains intact. Constancy of /orm in the grouping of 
the molecules, and not constancy of the molecules tliera- 
selves, is the correlative of this constancy of perception. 
Life is a wave which in no two consecutive moments of 
its existence is composed of tlie same particles. 

Supposing, then, the molecules of the human body 
instead of replacing others, and thus renewing a pre- 
existmg form, to be gathered first hand from nature and 
put together in the same relative positions as those which 
they occupy in tlie body ; that they have the selfssamc 
forces and distribution of forces, the selfsame motions 
and distribution of motions — would this organised con- 
course of molecules stand before us as a sentient thinking 
being? There seems no valid reason to believe that 
it would not. Or, supposing a planet carved from 
the sun, and set spinning round an axis, and revolving 
round the sun at a distance from him equal to that of 
our earth, would one of the consequences of its refriger- 
ation be the development of organic forms ? I lean to the 
affirmative. St-uctural forces are certainly in the mass, 
whether or not those forces reach to the extent of forming 
a plant or an animal. In an amori)hous drop of water lie 
latent all the marvels of crystalline force ; and who will 
set limits to the possible play of molecules in a cooling 
planet? If these statements startle, it is because matter 
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defined and maligned by philosophers and 
who were equally unaware that it is, at 
Bsentially mystical and transcendental. 
Ins such as these derive their present interest in 
from their audacity, whicli is sure, in due 
lisappear. And the sooner the public dread is 
Iwith reference to such questions the better for 
pf truth. As regards knowledge, physical science 
I In one sense it knows, or is destined to know, 
In another sense it knows nothing. Science 
Ich of this intermediate phase of things that we 
of which it is the product; but science 
Ihiug of the origin or destiny of nature. Wlio 
iiade the sun, and gave his rays their alleged 
IWlio or what made and bestowed upon the 
particles of matter their wondrous power of 
leraction ? Science docs not know : the mystery 
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One or two intei-polations excepted, the foregoing brief 
article was Avritten on au Alpine slope in the summer of 
1863. Seven years afterwards I was singularly interested 
to learn, that nearly 300 years ago, in explaining the 
actions and energies of the human body, Descartes em- 
ployed similar imagery and expressed similar views as 
far as the knowledge of his time allowed. Professor 
Huxley, who possesses a reading faculty which I can but 
envy, has published in his ' Lay Sermons ' the following 
remarkable extracts from the ' Traitti do I'Homrae : ' — 

' In proportion as theae spirits (the animal spirits) enter 
the cavities of the brain, they pass thence into the porea of its 
substance, and from tbese pores into the nervea ; where, accord- 
ing as tbey enter, or even only tend to enter, more or less, into 
one than into another, they have the power of altering the 
figiu'e of the muscles into which the nerves are inserted, and 
by this means of causing all the limbs to move. Thus, as you 
may have seen in the grottoes and the fountains in royal 
gardens, the force with which the water issues from its reservoir 
is sufficient to move various machines, and even to make them 
play instnunents, or pronounce words, according to the different 
disposition of the pipes which lead the water, 

'And, in truth, the nerves of the machine which I am 
describing may very well be compared to the pipes of these 
waterworks ; its muscles and its tendons to the other various 
engines and springs which seem to move them ; its animal 
spirits to the water which impels them, of which the heart, is 
the fountain ; while the cavities of the brain are the central 
office. Moreover, respiration and other such actions as are 
natural and usual in the body, and which depend on the course 
of the spirits, are like the movements of a clock, or of a mill, 
which may be kept up by the ordinary flow of water. 

'The external objects which, by their mere presence, act 
upon the organs of the senses; and which, by this means, 
determine the corporal machine to move in many different 
ways, according as the pnrls of the brain are arrauf^ed, are like 
the strangers who, entering into some of the grottoes of those 



FRAOMEIfTS OF SCIEXCE. 



M:iouGly cause the movementa which take 
lir presence. For tbey cannot enter without tread- 
ftrtain plankti ao arr&nged that, for example, if they 
I bathing Diana, they cause her to hide among the 
j if they attempt to follow her, they see approaching 
J who threatens them with hia trident; or if they 
llier way, tbey cause some monster who vomits water 
■ices, to dart out ; or like contrivances, according to 
~B the engineera who have made them. And lastly, 
liff'uTuii 80id is lodged in this machine, it will have 
111 seat in the brain, and will take the place of the 
Iho ought to be in that part of the works with which 
A are connected, when he wishes to increase, or to 
I in some way t.o alter, thoir movements.' 
§ functions which I have attributed to this machine 

s the digestion of food, the pulsation of the heart 
Birteries ; the nutrition and the growth of the limbs; 

wakefulness, and sleep ; the reception of light, 
Jvirs, fiavours, heat, and such like qualities, in the 

9 external senses ; the impression of the ideas of 
a of common sense and in the imagination ; 
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Amosq the scraps of manuscript written at the time when 
Mr. Mozlcy's work occupied my attention I find the follow- 
ing reflections : — 

With regard to the influence of modern science which 
Mr. Mozley rates so low, one effect of it is certainly to 
enhance the magnitude of many of the recorded miracles, 
and to increase proportionably the difficulties of belief. 
The ancients knew but little of the vastness of the 
universe. The Eev. Mr. Kirkman, for example, has shown 
what inadequate notions the Jews entertained regarding 
the * firmament of heaven ; ' and Professor Airy refers to 
the case of a Greek philosopher who was persecuted for 
hazarding the assertion, then deemed monstrous, tliat the 
Bun might be as large as the whole country of Greece. 
The concerns of a universe, regarded from this point of 
view, were vastly more commensurate with man and his 
concerns than those of the universe which science now 
reveals to us ; and hence that to suit man's purposes, or 
in compliance with his prayers, changes should occur in 
the order of the universe, was more easy of behef in the 
ancient world than it can be now. In the very magni- 
tude which it assigns to natural phenomena, science has 
augmented the distance between them and man, and 
increased the popular belief in their orderly progression. 
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ral consequence the demand for evidence is 
iing than it used to be, whenever it is affirmed 
)rder has been disturbed. 
;akc as an illustration the miracle by which 
of Joshua over the Amorites waa rendered 
vhcre the sun is reported to have stood still for 
lay ' upon Gibeon, and the moon in the valley 
An Englishman of average education at the 
.y would naturally demand a greater amount 
i to prove that this occurrence took place than 
2 satisfied an Israelite in the age succeeding that 
For to the one the miracle probably cousiated 
ppage of a ball of fire less than a yard in 
.vhile to the oliior it would be the stoppage of 
urtecn hundred thousand times the earth in 
1 even accepting the interpretation which in- 
vinos now put upon thia text, that Joshua dealt 
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supply every individual of an army a thousand times the 
strength of that of Joshua, with a thousand times the 
fighting power of each of Joshua's soldiers, not for the 
few hours necessary to the extinction of a handful of 
Amorites, but for millions of years. All this wonder la 
silently passed over by the sacred historian, confessedly 
because he knew nothing about it. Whether therefore 
we consider the miracle as purely evidential, or aa a 
practical means of vengeance, the same lavish squander- 
ing of energy stares the scientific man in the face. If 
evidential, the energy was wasted, because the Israelites 
knew notJiing of its amount ; if simply destructive, then 
the ratio of the quantity lost to that employed may be 
inferred from the foregoing figures. 

To other miracles similar remarks apply. Transferring 
thought from our little sand-grain of an earth to the 
immeasurable heavens, where countless worlds, with their 
freights of Ufe, probably revolve unseen, the very suns 
which warm them being barely seen by us across abysmal 
apace ; refiecting that beyond these sparks of solar fire 
suns innumerable may lie, whose light can never stir the 
optic nerve at all ; and bringing this conception face to 
face with the idea that the Builder and Sustainer of it all 
should contract himself to a burning bush, or behave 
in other familiar ways ascribed to him — it is easy to 
understand how astounding the incongruity must appear 
to the Bcientific man. Did this credulous prattle of the 
ancients about miracles stand alone; were it not locally 
associated with words of imperishable wisdom, and with 
examples of moral grandeur unmatched elsewhere in the 
history of the human race, both the miracles and their 
■ evidences ' would have long since ceased to be the trans- 





UDdo* thepresmre 
. well maj we 
■I David's words >^ 
I Ac work of thy fingers, 
thou hast ord&ioed; 
. be mindful of him, oe ■ 
*K— Of ^m ^m Am ikntM* ao reg«d him.' \ 

• ■tobAlfeamoiiigs of Almighty 
«, MK I. V JOB aboold urge that if 
r af Ah HniBne chose to stop 
ifenaiMm«rife Midler to lite iheiunn of abum- 
^ghag^lhseKaMtiqgto |wwi l him hom doing so, 
I IB aoi ^i^anl to caattafics yon. I nether agree 
«Afc JOB aar tfftr fiaa jaa, lor it is a subject of which 
I la«v aiAMg. Bat I ahaava that in such questions 
HyaJhgAh^^pawar . yav ti yii n es relate, not to I 
ftat pow a» il » actaalfy dbf lay ed in the universe, but ' 
to d»e poBcr cf jwar own iou^ination. Your qoestioa 
t&. 1K4 bfes the OnmiMient dooesaand so? or is it in the 
least lik«h- thai the Omnipotent should do ao and so ? 
but. if mv imaginUMD ocaapetent to {Hcture a being able 
aod willing «i> do s> and so? I am not prepared to 
denv TOUT compet^fkv. To the human mind belongs the 
Acuity of enkiv>u^ and diminishing of distorting and 
combining indefinibelj the ol^ects revealed by the senses, 
or by its own coosctoasoess. It can imagine a mouse as 
large as an elephant, an dephant as large as a mountain, 
and a mountain as high as the stai^ It can separate 
coDgniities and unite incongruities. We see a fish and 
we see a woman ; we can drop one half of each, and 
unite in idea the other two halves to a mennaid. We 
see a horse and we see a man ; wc are able to drop one 
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half of each, and unite the other two halves to a centaur. 
Thus also the pictorial representations of the Deity, the 
bodies and wings of cherubs and seraphs, the hoofs, horns, 
and tail of the Evil One, the joys of the blessed, and the 
tormenta of the damned, have been elaborated from 
materials furnished to the imagination by the senses. 
And it behoves you and me to take care that our notions 
of the Power which ndes the universe are not mere 
fanciful or ignorant enlargements of human power. 
The capabilities of wliat you call your reason are not 
denied. By the exercise of the power here adverted to, 
and which may be called the mythologic imagination, 
you can picture to yourself a being able and willing to do 
any and every conceivable thing. You are right in say- 
ing that in opposition to this power science is of no avail. 
Mr. Mozley would call it ' a weapon of air.' The man of 
science, however, while accepting the figure, would 
probably reverse its parts, thinking that it is not- science 
which is here the thing of air, but the unsubstantial 
figment of the imagination to which its solidity is 
opposed. 
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tunr Mertun College, Oxford, Bvo. I2i. 

Bacon's Essays, with Annotations. 

Bv R. WnATELT, D.D. late Anhlishop of 
Dublin. Siiih Edition. 8to. 10,. 6d. 

Elements of Logic. By R. Whatklt, 
D.D. Imtc Atcbbiahop of Dublin. Kew 
EdiUon. Bvo. 10.. Cd. crown 8m ii. 6rf. 



XhiKliah BynoDTTiiea. ByE.jAnsWn. 



Ediliun 



, by . 
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An Outline of the Kecessary 

Laws of Thought: a TreatiK on Pure and 
Applied LoKic By the Moat Rer. W. 
TuoMBOM, D.D. Archbishop of York. Ninlli 
ThoiiWDd. Crown 8.o. 5j. Brf. 



The Election of BepreaentatiTes, 

Parlianientarv and Municipal; a Treatiae. 
ByTinniAsHABe.Barri3ter-at-LB)v. Third 
EdiiioD, with AdditionB. Crown Bvo. 6i. 

Speeches of the Right Hon. Iiord 

Malallav, com-cicdbvUimsclf. PeopU'a 
&liUi.n, crown 8T0.3i,6i 

Iiord Uaoaulay's Speeches on 

I'arliamenlary Rt^form in lS3t and 1832. 

Walker's Pronouncing Diotion- 

aij of the EngUah Langnigc. Tltoroacblj 
reviieid Editions, br B. 11. S»aht. 8vo. 
13j. 16mo. Gj. 

A Dictionary of the English 

l.«n|;uat-e. By B. G. Latiiah, H.A U.D. 

F.R.S. Founded on the Dictionar}- of Dr. S. 
JuiiN«<iH,as cditod by the Rev. H. J. TauD, 
with nUTnorous Emendations and Addittona. 
I vols. 4to. price £7. 

Thesaurus of English Words and 

Phrases, olassilieil and acrant^d so «a to 
faciUtAlc tlio expression of Ideas, and assist 
in Literary Composition. By P. M. RooET, 
M.D. New Edition. Crown 8vo. lOi. Bd. 

The Debater ; a Strios of Complete 

Debates.OulliDGiofDehalea, and Questions 
for Discussion. ByF. Rowiiis. Fcp. («. 

Lectures on the Soience of Lan- 
guage, delivered at the Royal Instituljon. 
By Hax Hollkh, H.A. Ac. Foreign 
Member of the French Institute. 2 *ol|. 



Chapters on Language. By F. W. 

FAnnAR,M.A. F.H.3. tale Fellow ofTrin. 

C"U. Cauibridgc. Crown 8vo. 8». Orf. 



B.D. Squs 

Historical and Critical Conunen- 

t»rv on the Old Test am ml ; with a New 
Translalion. By W. M. Kai.iscii, Ph.D. 
Vol. I. Ginaii, Svo. 18>. or adapted fur the 
General Reader, Ui. VoL 11. Ezadui, ISi. 
or adaptini for the General Reader, 13i. 
Tol III. Ltvitlna, Fart I. IBi. or adapted 
for the General Reader, B>. 

A Hebrew QranunaTi witb ExerolMi. 
Bv the same. Part 1. OMllina mWi Extr- 
ciHi, 8vo. 12>. 6d. Rf.t, G>. Port II. Er- 
ctpthnal Formt nud Conttnttioiu, 
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NEW WORKS PVBLisuED by LONGMANS asd CO. 



Short Studies on Great Subjects. 

Bv James A:nthont Froudr, M.A. late 
FeUow of Exeter College, Oxford. Third 
Edition. 870. 12«. 

Xiord Maoaulay's Miscellaxieous 

Writxngs: — 

LiBRABY Edition, 2 vols. 8vo. Portrait, 2I«. 
People's Edition, 1 yol. crown 8vo. 4«. Bd, 

The Bev. Sydziey Smith's Mis- 

oellaneoQS Works; including his Contribn- 
tiona to the Edinburgh Review. 1 vol. 
crown 8vo. 6s. 

Tbm "Wit and 'Wisdom of the B/ev, 
Sydney Smith: a Selection of the most 
memorable Passages in his Writings and 
Conversation. Crown 8vo. 3s. Qd. 

The Silver Store. Collected from 
Mediieval Christian and Jewish Mines. By 
the Rev. S. Baiiing-(5ould, M.A. Crown 
8vo. Ss, Gd. 

Traces of History in the Names 

of Places ; with a Vocabulary of the Roots 
out of which Names of Places in England 
and Wales arc formed. By Flavell 
Edmunds. Crown 8vo. 7s. 6</. 

The Eclipse of Faith ; or, a Visit to a 

Religious Sceptic. By Uiinry Ro<;i:iis. 
Twelfth Edition. Fcp. 5». 

Defence of the Eclipse of Faith, by its 
Author. Third Edition. Fcp. Qs. Gd. 

Selections firom the Correspondence 
of R. E. II. Greyson. By the same Author. 
Third Edition. Crown dvo. 7s. Gd. 

Families of Speech, Four Lectures 
delivered at the Hoyal Institution of Great 
Britain. By tlie Rev. F. W. Farrau, 
M.A. F.R.S. Post 8vo. with 2 Maps, 6s. Gd. 

Chips from a Gterman Workshop ; 

being Essays on the Science of RcUgion, 
and on Mythology. Traditions, and Customs. 
By Max Muller, M.A. &c. Foreign 
Member of the French Institute. 3 vol-*. 
8to. £2. 

Word Gk>SSip; a Series of Familiar 
Essays on Words and thtir Peculiarities. 
By the Rev. W. L. Blackley, M.A. Fcp. 
8vo. 6s. 

An Introduction to Mental Phi- 
losophy, on the Inductive Method. By 
J. D. MoRELL, M.A. LL.D. 8vo. 12«. 

Xlements of Fsychology. oontaining the 
Analysis of the Intellectual Powers. By 
the same Author. Post 8vo. 7s. Gd. 
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The Secret of Hegel: being the 

Hegelian System in Origin, Principle, Form, 
and Matter. By James Hutciiison 9tib- 
LiNo. 2 vols. 8vo. 28«. 

Sir 'William Hamilton; behig the Philo- 
sophy of Perception : an Analysis. By the 
same Author. 8vo. 5s. 

The Senses and the Intelleot. 

By Alexander Bain, LUD. Prof, of Logic 
in the Univ. of Aberdeen. Third Edition. 
8vo. 15s. 

The Emotions and the 'Wm, by the 
same Author. Second Edition. 8vo. 15«. 

On the Study of Character, including 
an Estimate of Phrenology. By the same 
Author. 8vo. ds. 

Mental and Moral Science : a 

Compendium of Psychology and Ethics. 
By the same Author. Second Edition. 
Crown 8vo. iOs. Gd. 

Strong and Free; or, First Steps 

towards Social Science. By the Author of 
*My Life and What shall I do with it?* 
8vo. iOs. Gd. 

The Philosophy of Necessity; or. 

Natural Law as applicable to Mental, MoraL 
and Social Science. By Charles Brat. 
Second Eilition. 8vo. ds. 

The Education of the Feelings and 
AffL'ctions. By the same Author. Third 
Edition. 8vo. 3s. Gd. 

On Force, its Mental and Moral Corre* 

latos. By the same Author. 8vo. 6*. 

Time and Space; a Metaphysical 
Essay. By Shadworth II. II«.>dgson. 
(This work covers the whole ground of 
Speculative IMiilosophy.) 8vo. price 16». 

The Theory of Practice ; an Ethical In- 
quiry. By the same Author. (This work, 
in conjunction with the foregoing, completes 
a system of Philosophy.) 2 vols. 8to. 
price 2is. 

A Treatise on Human Nature; 

being an Attempt to Introduce the Expe- 
rimental Method of Keosoniug into Moral 
Subjects. By David IlmiE. Edited, with 
Notes, Ac. by T. II. Green, Fellow, and 
T. H. Grose, hite Scholar, of Balliol Col- 
lege, Oxford. [/n the press. 

Essays Moral, Political, and Li- 
terary. By David Hume. By the same 
Editors, lln the press. 

•»• The above will form a new edition of 
David IIume's Philosophical Works, com- 
plete in Four Volumes, but to be had in Two 
separate Sections as announced. 



rotas of a Conne ot Seven Iiec- 
lam m Electrical PbeDonun* uid Tbcorin. 
ddiTeredat the Rojil loatilutiou, a.u. 1870. 
By TrotaaoT TTSDAtr. CroHji 8vo. If. 
anrcd, or U 6d. rlolk 



Tyndall's Esa^^v on 
ifB* un uM I^mit of Ibe Imaf^ination in 
.BdsDce. Bong the SeconJ K4>ti<JB, villi 
Addition*, of a Ducduth on (he Scifoiiflt 
Vie of the iRUgiDStioa. 8vn. 3m, 

Iritght; its lallaencD on Lifs and Hcallb. 
^ Fottttm Wlisi^w, M,D. D.C.L. Oxon. 
■(Hon.) Fcp. aro. 6t. 

Treatifle on Electricity, in 
Theoij and Practice. Ilv A. De La Hive, 

Pwt in the Acadtmv of Genevit. Trans- 
bted by C. V. Wai.kki:, F.Ii.S. 3 VuU. 
■n>. with WcwJi-uts, £3 13t. 

!lie Correlation of Fhysical 
tcnf. By W. B. (Jni.vE, Q.C. V.P.K.S. 
Kfth Edition, revisfil. and Aii);mpnl«l \<}- a 
SiNDnra^ an (.'aniinuiiy. Svo. lOi. 'tjd. 
.H»« DiteoMttt, sepnrfllrlj', price It. Od. 

■he Beginning: its When and its 
Ho*. By Mrn'jo PoMTiKi, F.R.8.E. Pmrt 
Bto. with TCTj- numerous lllmtralionj. 

(anual Of Geology. ByS.HAUQHT(.K, 

1I.D. F.B.9. Fellow of Triii. CoU. aod Prof. 
of GcoL in Ihc Univ. of DiiWin. ScconJ 
id WoodcuU. Fcp. 7i. <m/. 

Fan Dot Hoeven's Handbook of 

ZooLOGT. Tranalati.'d fhitn the SwoDil 
~Datcb Edition liy tlio Kev. \V. Clark, 
MJ). F.E.S. 2 vuls. 8vo. wiih 2i I'latta of 
TigantfW: 

lor Oven'B Zieotures on 

la Comparativu Anntom.v nnil Phi-aiology 

" " " . ' Second 

vo. 21«. 

fbe Comparative Anatomy and 

Phyriology of (lie VL-nebraie Animals. Br 
BiOHAKD OwnN, F.R.S. U.C.L. IVitii 
1^72 Woodcuts, a vols. Svo. £3 !3<. Gd. 

*he Origia of CivilisatioQ and 

the FrimitiTB Condition of Man ; Mental 
■Bd 8od»l Condiliun of Savnj,'es. By Sir 
JoBV LUDBOCK, Bart. M.P. F.R.S. Scconil 
Editloo, reviwii, with 25 Woodcuts. Svo. 

fXhe FrimitiTe Inhabitants of 

Scandiiuvia. , Containing a Description of 
tho Implancnla, Dwellings, Tombs, nnd 
Mode of Living of the Sava(,-a in the North 
ofKmtipe during llic Stone Age. BvSves 
u »_. ™_ MVoodonts. 16j. 



Homes without Hands: n Desfrip- 

tion of the Habitalioniof Anlmali, ' 
according to lheirPiiiua|Jciif Consti 

I By Rev. J. G. Wood. M.A. FXA Willi 

I about IW Vigncltn on Wuod. 

, Bible AjiimalB; beiDgBDfaeri|itioso(L^ 

I Every Living Creature mentioiMd in tlW''' 
\ Scriptnrea, from the Ape to Ibc Coral. Bf- 

the Ecr. J. G. IVooT., Jl.A. F.L.a Wilhr 

about 101) Vignettes on Wood. 

The Harmonies of ITatiire and', 

' Unilv of Creation. By Ur. G. Uabtwiu. ' 
I evo. with numeroua Dlustrstioiu, I8t. 
Tba Sea and Iti IdvlnK Wondan. ... 

(he same Aathor. Third Edition, enlarged. 

Svo. with m-iny 111 oslrnt ions, 21i. 
' ThB Tropical World. B; the nme Aultiar. 

With 8 Chroraosj-logrspha nnd 172 Wood- 
I cuts. 8vo. 21i. 

I The Folar World : ■ Populu Dcacriptlon of 
I Man and Nature in the Arctic and Antarelic 

RcKioiutofthcGlabe. By the uine Aathor. 

With B Chraniox}'IosTa|ihs, 3 Uaps, and 8J 

Woodcuts. 8ro. 21i. 

A. Familiiur History of Birds. 

By F.. Starlet, U.D. IoIb Lord Bishop of 
Norwich. Fcp. with WoodcuU, Bi. 6d, 
I Eirby and Spence's Introduction 

j to Entomology, or ElemcntJ of the Natural 
Histor}' of Inaecte. Crown 8vo. hi. 

Mannder's Treasory of N^atural 

History, or Popular Dictionary of Zoology. 
Revised and corrected bv T. S. CouBoLti, 
M.D. Pep. with SOU Woodi-'nts, C 

The Elements of Botany for 

Families nnd Sc'hools. Tenth Kdition, re- 
vised Lv TiiuuAS MooKE, F.L.9. Fcp. 
with 151 Woodculs, 'It. ad. 
The Treasury of Botany, op 

Popular Dicliynary of the Vi^iuble King- 
dom ; with which b iucorporaled a GIa«- 
aorv of Bolanicnl Terms. Edited by 
J. LisuLEi, F.RA and T. Uui.iie, FJ..S. 
aiaiitcd by eminent Contributors, Pp. 
1,274, with 374 Woodcuti and 20 SImI 
Plates. TwoPABri.fcp.8™. 12a. 

The British Flora ; comprising Iha 

Pliamognmous or Flowering PLinIs and tho 
Ferns. By Bt W. J. HooKEn, K.II. and 
G. A. WAr.Kr.ii-An.voTT, LL.D. I2mo. 
with 1-2 Platcfl, 11.. 

The Rose Amateur's Guide. By 
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F>p, 4 



NiLawx. Sro. Ptaii 



LiOudon'sEncyolopeadiaofFlasts; 

comprising the Spcciilc Character, Dewrip- 
Uon, Culture, liistorj-. Ac, of all the Ptanw 
found in Great tiritain. With upwards of 
12,000 Woodcuu. 8vo. 421. 
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_£ulinoiiary . Coiisainptioii ; 

Ifature, TrealmcQt, and DoniCion exi 
pUtieil by an AimlyaU of One Tbouauid 
Ciu«a (decliid froin upwimls or Twenh' 
Tboniond. By C. J. U. Williasui, M.D. 
V.KS. Connilline Phyaicifln to the Hob- 
fitkl fur (>]iisiuii|)lioii at DramploD ; sdiI 
C T. WlLl-UMS, M.A. M.D. Oxon. 

Clinioal Iieotures oa Sise&sea of 

tbel>lver,JaniiiIlFe, and Abdominal Dropsy. 
Sf C HliRoiiiwN, M.D. Physician nnil 
LeDtuRT OQ the Ptacli™ of Medicine, 
Uiddlcwx lIusiHlnt. Post Svo. with 25 
Woodeul*, 10.. lid. 

jiftBatoiuyt DeaoriptlTa and Snr- 
^ glcil. By Ut^xB-r Gair, F.R.S. \Vith 
■bont 4iaWDodcaUftomDiwectian.i. Filth 
E^tim, byT. Holhbs, M^.Cantnb. With 

kKcw IntrodaclioD by tbe Editor. Boval 
Sto.S8(. 



Diaeaaea of 



Cainioal Hotes 

tba IjirynT, invt8ii(;iil*a and treated with ] 
tin aj»»Ianc« of Iho Larj-iigowope. By 
W. Maiickt. M.D. F.R.S. Cro«n Svo. 
irtib G Lithographs 6i. 

Tbe Hoase I Live in ; or. Popular 

IHustrationa of the Slniclure and Fmicticms 

OftheHomanlkKly. EditedbyT.fi.GiiiTis. I 

Kew Edition, with :i6 Woodcuta, 16mo. | 

priM 2>. 6d. , 

The Fine Arts^ and 

In Fairyland ; Piclurea from the Elf- i 

World. By RiciiAni) DotLE. With a I 

Poem by W. Ai-i-moHAM. Wiih 8U(e™ i 

Plates, containing Thirty-aix Deaigna I 

printed in Coloura. Folio, 31j.r J. I 

Xdfe of John Oibson, B.A. 

Scnlptor. Eiiilcd by La-Iv Eastlake. 
8to. lOi. 6d. 

Materiids for b History of Oil 

Pninling. By Sir Chahi.ks Luckb East- 
lake. »omelimB President of tbo Royal 
Academy. 3 Tola. 8vo. 30j. 
Albert Durer, bia Life and 

Works J including Autobiographicfll Papers 
and Complele CnlaloguM. By Wli.l-t.vM 
B. Sottt. With Six Eirhi ' ' 



Ontllnes of Fbysiology, Humu 

and Comparative. By Jons UuisiULi., 
F.R.C.S. Professor of Surgery in Univerdly 
CollDee, London, and Surgeon to the Dni- 
venity CoUe^ nospltal, i vols, crown Svo. 
with 122 Woodonts. 32». 

FhysiologiCBl Anatomy and Fhy- 

aiologj- of Man, By the late R. B, Toud, 
M.D. F.R.S. and W. Bowmas, F.R.S. of 
King's Collego. With pomeruns lllustra- 
tiona. TOL. II. Svo. 25(. 

Vol. I. New Edition by Dr. Lionel S. 
Beale, F.R.5. In connc of pablication ; 
Pakt I. with S Platen, Ti. (id. 
Copland's Dictionary of Fraotioal 

Medicine, abridged from the 1ar(!;er work, 
and Ihrongbout brought down to ibe pre- 
sent atat« of Medical Science. 8to. SGj. 

A Hanual of Materia Uedica 

and Thcropeulits, abridgcl from Dr. 
pEnEiiLt'a ElimenU l>y F. J. FabbE, M J). 
aasistcd by R. Benti.ky, M.R.C.S. and by 
R. WAnimiTON, F.K.S. 1 vol. Svo. with 
90 Woodcuts, 21 J. 
Thomson's Conspeotna of the 

Britiah Pbarmacopcoia. Twenty-tifth Edi- 
tion, eorrtclod l>y E. Llotii BlK^^.TT, M.D. 
ISmo. 6(. 

Essays on Fhyaiologioal Subjeots. 
By Gilbert W. Cbild, UJl. FJ.3. F.C5. 
Second Edition. Crown 8vo. with Wood- 
cuts, 7i.6ii 



Illustrated Editions. 

The Lord's Fr&yer lUuBtrated 



The Choirale Book for England: 

the llymna Trnnilated by Mi« C Wure- 
WOBTU; Ibe Tiinca urranKcil by Prof. W. 
SKnnETT and Orro Golubohjudt. 



Authoi 



rationa. 



]. lea. 



Half-Hour Leotnrea on the His- 
tory and Practice of the Fine and Orna- 
mental Arts. By. W. B. Scott. Second 
Edition. Crown Svo. with 60 Woodcut 
a,Bt.6d. 



Fcp. 4 
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Six Lectures on Harmony. De- 
livered at Itie Royid Inililution of Great 
Britain. BjG. A.Macfabbe-V. evo.lOj.Crf. 

Lyra Germanloa, thu Christian Year. 

Translated by CATiiEnt»K WibicWOETh; 
with 12o niuslrationi on Wood draiim by 
J. Leiquto.'', F.S.A. Quarto, iiU. 
IijtA tHrmKabni. the Cbristian Jilt. 
TnuiaUted by Catiikrisk WLiKWOBni; 
with about 300 Woodcut QlustratioDS l>y 
J. Leigutos, F.S~&. and other Artisti. 
Quarto, 2lt. 




The ITew ToBtament, illustrated with , 

Wood EnKtsviDit* »f>er ihe Early M&sli^n. i 

cbieSx of the IWlian Schuol. Cfpwu 4tu. | 
lOi. dulh, gilt top i or Sa &t moroKO. 

The Life of Man STmbolisod by . 

tliv Monilts of tbe Yoar in Ilivir Sofons 
uid Pluuffli. Tvst »d«l«l bv KicnAHo 
l-iCKiT. S£ Illiuiriillons on Wooil rrom 
Orwnal Deaigna hv Jons LeioiitoV, ' 
F.&A. QQailo.*2t' 

Cats' and Farlie's Moral Em- 
blems; with Aphorifm!, AJajjes aaJ Pro- 
™h.of Jl SWuins: mmprisinE 121 Illus- 
traliOM on Wo-xi bj- J. LiioiiTHS, F.S.A. ■ 
with im ■pproptUta T*sl !))■ B. PmoT. I 
Ini[>fniil 8vo. 31i. 6ij. 

Sliakspeare's Midsummer Night's i 
Draun, lUiutratcd wiih £-1 Silboncttei or 

^xloir Picluns l>f P. Kosewea, cngnred I 

un Woo.1 by A. VooEU FoUo. SI<. Sd. I 



ZiSKsnda of the B&int* s.nd Waitjra. 
Fifth Edilior, «-iih 19 Elchin^a and IHT 
WuoICBl!. 2 vols, prin! 31i. Gi£, 



IioitBiidB of the Uadonna. Third Editioa. 
with 37 Etchings and 166 Woodcula. 1 

vol. price 21». 

The Hiatory of OuTl>OTd,«iIhthfttorHii 

Types «nd Preunrsora. CompleMd by Lddy 
EiiTLAKB, Rfrised Edition, with IS 
Etchings mil 281 Wooik-uU. 2 toIi. 
price 42i. 



The LW/ul Aiis, Manufactures, ^-c. 



Gwilt's Encyolopffidia of Archi- 

Inrlurt, with atwTo l.ttW Wooji'uls. Fifth 
K.litit>D, with Allet^ii.'nM and cooMdcral.le 
Additions, bv Wyatt FAnvoHni. 8vo. 
bii. id. 

A. Manual of Architeotore : l^ing 

• Condia llutory and ExplanatiflD nf the 
principal Slyleiof European Arcbileclarf, 
Aodnil, Ucdifnl, And Rraainani'e i with 
Ibdr Chief Variationi and a Glosury of 
Technical Terms. Py TiioJLts Mitciiei.i.. , 
With 150 Woodcuts.' Cruwn 8vo. ICH. 6d 

Italian SooIptorS : l^eiog a HUtory of I 
Sculpture in Northeni, Southern, and East- i 
eni Kaly. By C. C. Perkins. With 30 
Etchinga and 13 IVood Engrniing*. Im- 

TuBoan Sculptors, their Lirea, 

Workf, and Tiioet Bv the aame Author. 
With 4& Eldunti and 28 Woodeuts liaai 
Origind Urnwirgs and I'hoiojpaphj. 2 
vol*, imperial evo. 63f. 

Hinta on Household Taste in 

Funiitare, L'p'>"'>l'rT> <")^ "'het Details. 
,By CHARLES L. Ej5Ti.<tiiE, Architect. 
Beeond Edition, with about SO laiutnitioiu. 
Squirt crown 8va. 18i. 

The Engineer's Handbook; ex- 
plaining the prindpl» which should guiil« 
Ihe vuung Enjiineer in the Coiutniction of 
Machintr;-. By C'. S. LowsiiEs. Post 8va 5* 

lAtbes and Turning, Simple, He- 

chanicjil. and Omamcnial. J!y W. IIesb* 
NoHTRonT. With about 240 Illusiiitiona 
on Steel and Wood. 8vo. 18*. 



Frinoiples of Mechoniam, deBigDed 
for Iha use of Studenta in the UniTeriltiea, 
and for Engineering Sludcnta g«Derallr. 
By R. WiLUS, M.A. F.B.S. Ac. Jackantim 
l^ofeaaarinlhcL'mr.ofCuubridge. Second 
Edition, enUi^ i with 374 Woodents. 

«¥0, 18.. 

Handbook of Fraotioal Tele- 
graphy, pobli^^hed with the aaartioa of Uu 
Chninnaa anil Directors of the Elertrie 
and International Telegraph Company, and 
•dieted by the Department of Tdegnpha 
for India. By R. S. Clli.ev. Third Edi- 
tion. 8vD. t2i. tHf. 

Ure'a Diotlonary of Arts, Mann- 
factures, and Uiaa. Sixth Edition, le- 
wriltcn and greatly eniarged by RonkKT 
Ht'NT, F.E.S. aaatricd by numemiB Cos- 
tribntora. With 2,000 Woodi-ula. 3 rola. 
medium 8ra. £4 I4i. 6d. 

Treatise on Mills and MiUwork. 

By Sir W. F.imRAiH.>, Bart. With 18 
P[ales and 323 Woodcut*. 2 vols. 8to. Bit 

Utefiil Infomutlon for Enfiiliieoim. By 
the same Author. Fiiuft, SEoaNi^ and 
TiTiRD Series, with many Place* aed 
Woodcuts. 3 vols, crown Bra. IOlM. each. 

Tha Applloatitm of Cut and WTOOSht 
Iron to Buildint; Pnrpojea. By the aane 
, .1.. c_. „. Edition, wiihtiBateaaod 



8 Woe 



1, Itii. 



Iron Ship Building, its HistofT 

■nd PriigfCHi, as cotnpoied in ■ Series uf 
EiperimenUl Eeaeanbes. By W. Fmn- 
HAIB!!, Bart. FJta With 4 PUtn ml 
180 Woodtula, Bto, Ufc 




NEW WORKS |-UBLIiHED 

Xnoydopeedia of Civil Engineer- 
ing, HiBturicnl, TUcorcticnl, and Prnctieal. 1 
By E. CiiEf,Y, C.E. With nbuve 3,000 I 
Wogilcnii. Sto. *2i. | 

jk TreBtiBe on the Steam Engine, j 

' Id iUTuious ApplicnlLona tu Sliniv, Mills, 
Steam- Navigalion, Kiilwnr!, and Agri' , 
culture. By J. Ib'insii.C.K. New Edition; 
■with rorlrait, 37 PLalc?, siid 540 Woodi-uts. 
4to. <3j. I 

Cateotiiam of the Steam Engine, | 
J T»riou» Aiipliestious to Minos, Mill?, 
m Novigmion, Railways, and Agricul- 
By .Ions Rn'iiNE, C.E. NewIWi- ' 
tioD, with 8D Woodeuts. Fcp. Gj. 

Improvements in the 
.ngine. Uy Jotis Bot^tixK. C.K. 
belog t Sort'i.tiHE.ii' Id hii > Cntpcliinn t,( 
the StMm-Eneinc.' New Edition, in- 
dnding niuiy New Examples, with 124 
WowIcuU. Fop. 8to. Hi. 

Bourne's Examples of Modem 

Stum, Air, uid Gas Engines of ibii moit | 

Approved Types, as omployed furPamping, I 

for Driving Mscliinet;, fcr Lucomotiun, ' 

and for A^culturc, mliiuldv and prtc- i 

tiUUy dtacribed. In course of publication, 

lo be completed in Twenly-toar Puts, price 

Sm. 6d. each, forming Chie Volume, with 

•bout 50 PUtea nod 400 Woodcuts. i 

'A Treatise on the Screw Pro- 
peller, &!iew VcsEelfi, and Screw Engines, I 
■a adapted Tor purpou* of Peace and War. 
By Jons Ik.i-RNE, C.K. Third Edition, 
■with 54 Plans nnJ ■•»T Wo.idcuts. Quarto, 
63i. 

Handbook of the Steam Engine. 

By Jons Buun-iK. t'.E. rormii^g a Ki:t lo 
IbaAuIlior's Catechism ur the ;Stcam Kngiae. 
With 67 Woodcuts, l.p, Dj. 

>. History of the Machine- 
Wniught Hosiery and have ManuTaeturcs. 
By Wh-liam Felkis, F.L.S. F.S.8. With 
Wnral IHaatmllons. Royal Sro. 31i. 
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MitchGll's Manual of Fraotical 

Assaying, Third Edilion for the mo^ part 
[(.■-writlCB, with all llie rcctnl DiscuTieri>-> 
incorporated. By W. Ciy-ini-J), F.B.S. 
Wilh 188 WoodcuU. Bvo. iR'. 

Beimann'e Handbook of Aniline 



ro o( Aniline and AniUiicColaiir#. 
Ilcvijcd and edited hv Wll-LXAM t'HoOKES, 
F.K.S. 8vn. wilh 5 Woodcut!, lOj.Oi/. 

On the Manufacture of Beet- 

Itoot Sugar in England and litLmd. By 
William CitooKES, F.R.S. With llWood- 
cuts. 8Tu.S(.aj. 

Practical Treatiss on Metallurgy, 

ailapted Troni Ihe last German I'difion of 
PnrfesBor Kerl's Mrlalluri/i/ by W. 
Crookes, F.K.S. &e, and 'e. ROKBla, 
Pb.D. M.E. 3 vols. Bvo. with Cir, Wood- 
uut^ price £4 IDi. 
The Art of Pemimery ; tba HUtor/ 

and Theory of OJoun^ and the Methods of 
Extracting the Aromas of PlaDts. By Dr. 
PiESSE, F.C.S. Thinl Edition, will! 53 
Wooilculs. Crown 8vu, lOi. OJ. 
OhBrnioal, ITatural, and PhyaicBj 11 



10 Author. Will 



iho Iloli 
3M Woodcu 






Iioudon'a Encyclopeedia of Agri- 

cullure: comprising the Laying-out, ItH- 
provenient, and ManagemcDl of Lanileil 
Property, and the Cultivation and Economy 
of the Productions of Agrivulturv. Wilh 
1,100 WoodcuCa. Sva. 21i. 
Ijoudon'a BInoyalopndU of Qardening : 
comprising Ihe Theory and Practice lA 
llorticuHure, FloricuUun', Arboricullure, 
Landeeope Gardening. With 1,000 



Wo« 



ro. 21.. 



Bayldon's Art of Valuing Bent* 

and TillngcH, and CUims of Tt'imiKs ui>«ii 
Quitting Fanni, both at Klii'Laelinas and 
Lady-Day. Eighth Edition, revised by 
J, C. MoRTOS. 8vo, 10.. lid. 



Eelujious and Moral Works. 
An Exposition of the 30 Articles, 

Historical and Dodrinal. Bv E. Harold 



BnowNB, D.D. Lord Bishop of 
Edition. 8vo. IGs. 
faCkiotiistioii-QiieatlDna on 
Braiwne'a Exposition of the f 
Ifae Be*. J. (iuRi.E, Kl.A. Fq>. 



L[HR.\iiY EniTioN, witb all the ' 
lUualrations, Mapfl, Landscapes c 
Woodcuts, &c 2 vols. 4to. -ISi. 



Bithop i 
rUfles. liy 
3». Gd. I 



The Life and Epistles of St, 

Paul. By the Rev. W. J. Conkbeahi!, 
M.A. and the Very Rev. J. S. UuwsoN. 
.D. Dean of Chalcr. 



Student's Einrtos, revised ai 
dcnscd, witli 40 Illustrations and H 
voL crown 8vo. 3«. 




SEW WORKS !■ 



ChriHtondom'B Divisions ; n Phiio- 

mphjcal Sktich of Ihe Dimiuiia of the 



Cbriflteadom's DiviBiona, Pi»T Ji. 

Graki and Latini. By the same Author. 
Poal 8vo. 15j. 

Tbe Hidden Wisdom of Christ 

and the Kty of KnowUitgc; nr, nistorj- of 
tbe Apocrj-phn. By Ebsest De Bunses. 



Power of the Soul over the 
Body. By Gko. Mt>OEiE. JI,D. M.li.C.P.L. 
ic. Kith Ediiioo. Crown 9\-o. 8«. OJ. 

Tho Types of Oenssia briefly oon- 

Bderml t« ReveiUinu tlie Dovdoprnpot of 
Human Nuturo. Bv Ashfew Juices. 
Second Edition. Crown Bvo. 7t. 6d. 
Tha Beooad Death and ths Boilitution 
of All Things, vritb loaxe PrvUminsry lie- 
narka on the Xature and Inepirstian of 
Holy Scripture, By the aame Author. 
Secotul Edition. Crown 8ro. 3i. &A 

l^umghts for the Age. Bv ELizmerH 

H. SI:weL^ Author of ■ Amy ll«h,:rl.' 
Sew Edition, f'op. 8vo. prico 5i. 

Paai^ng Thaaghta on Beligloii. By tlio 

■anif Author. Pep. Si. 
Belf-Axamination berora Conflrmatloii. 

By tbe Mmc Aulhut. 32ino, Ij. Gd. 
Tbottshts for tka Holy Week, for Vnung 

Perwna. llj- (ho saiuo Author. New 



English Church. By (be wmc. Fop.'^j. 

Baadlnga for Grery Dajr In Xient, com- 
pOcd rrom the Writingn of Bishop Jrrruv 
Tatu™. By the tame Author. pLp. 5t. 

TMpuation Tor the H0I7 Commimlon; 
the Devotions chiefly from the worka of 
Jkbrmt TAtUHB. By tlie unte. 32nio, 3: 

Pdnoiplei of Sduaatlon drawn from 
Katan: and Rerctstion, and Applied to 
Female Eduention in Ihe Upper Clussea. 
By the lame Author. 2 vol;, fep. 123. Gd. 



or LONGMANS and CO. 1^| 

Bishop Jeremy Taylor's Entire 

Work-i : with ■ Lifo by BiaHtu- IIebek. 
Iteviiusi nnd corrected l.v tbe Rev. C. P. 
Edes. 10 vols. £S 5j. 

England and Christendom. By 

Ainjiiiisii.il- Bl.iNNi.NG, D.D. Post 8™. 
price lOi. Gcf. 

The Wife's Manual ; or, Prayers, 

ThoughU. and S.)n);9 on Several OcomIods 
of ■ Matron's Life. By Ihc Rev. W. Cal- 
VEiiT, M.A. Cruwo 8to. lOi. 6d. 

Singers and Songs of the Churoh : 

liein;; Biographicnl Skelche* of the Hrmn- 
Writcrs in all the prindpal CoUectiDDs; 
with Notea on tlicdr Pnlmi and Hymn.v 
By J0.SIA11 Mili.gr, ma. Second Ediljoii, 
enlarged. PiMl 8vo, H)». M. 

' Spiritual Bonga ' for tbe Sundays 

and IIolLilnys throughout the Year. By 
J. S. B. MossELL, LL.D. Vicar of Egtuim 
and Raral Dean. Fourth Edition, Sixth 
Thousand. Fcp. price ii. 6d. 

The Beatltudea. By the aame AnUiM-. 

Third E(i[lion, revised. Fcp. Sj. M. 
Hla Prsaencs not hia MemotTi l^^''' 

Br the sunu- AulhiT. in memory of his S0.1. 



Lyra Germanioa, tranBlnted from ihe 
(icrman by Miaa C. Winrwoutb. Fibst 
Seqieb, the CSriMlian Ttar, Hymna for the 
Sundays atid Chief Fcativals of the Church ; 
Seoosh SEniEa, the OiruHao Lift. Fcp. 
8to. price 3f. 6d. each Series. 

Iiyra Euoharistioa ; ITymiis and 

Versa on the Holy Commonion, Ancient 
and Modem: with other Poems. Edited b/ 
Ihe Bev. Okbi Suiplkv, MA. Second 
Edition, lep, 6.. 

Bbipley'H XiTr» Heialuiioa. Fcp.w. 

BhlpIey'B tiyra Hyitloa. Fcp. s>. 

Endeavours after the Christian 
Life: Diiii.'uuraes. By James Martcceau. 
Fourth Edition, carefully reviecil. Post Bvo. 



Invocation of Saints and Angels ; 

for tbe iise of Meml*!* of the Engliah Churtih. 
Edited by the Ri-v. Onav Sllll'I.Br. M.A. 
jimo. Si. Cd. 



XEW WORKS r 



r LONXMASS *bp CO. 



The Playground of Europe. Hy 

Lt,i.iii ftvi.rlLi-N. l..It Vfjiikut ..f lilt 
AliiiDO CIut>. Tost 8vq.Kith FronlL-Tiuve. 

Westward by Hail : ilif New Route 

Id Iht V.^X. Uy W. F. Eae. Post 8ro. 
nilli Mup, \<tW ]0». Ed. 
Travels in the Central Caucasus 

nnd Baslinn, inciuding \'i?its lo Araral and 
Tabrewi and Asvontn r.f Knibek siid Elliniz. 
Bj- Douglas IV. Fuksiiheli'. Squsre 
crovTLi Bvn. mill Mri[>d, Slc, ISt. 

Oadore or Titian's Country. B; 

JoMAll GiLDKUT, one of llio Aulhoraaf tho 
>Uoloniit« SIoantninB.' With Mftp. t'nc- 

■iinile,aud40iUuBtrHtioa9. linp,8ro,31(.<lE/, 

.Zigzagging amongst Dalomites ; 

nitli more Ilian 300 IlliistratJoD!) by Ibe 
Author. Bv iLe Author of ' Uovr vrc Spral 
lUc Summer.' Oblong -110. prica lii. 

The Dolomite Mountains. Exour- 

iiioiis Ihrough TjtoI, CBrinthia, ComlolB, 
and FriuU, By J. Giluebt and (J. t_\ 
CHVRC^^L^ F.R.G.S. With nnmcrona 
lUuslrodoUi. SquBK iTown Sto. ill. 

Pilgrimages in the Pyrenees and 

Lnndps. By Demvs Siiv-\e LhwloI!. 
IVoivn Svo. witli FronlL-iiicoo and A'igoL-tle, 
price I&L 

Kdw we Spent the Smnmer; or. 

fl Voj'age en Zigzag in .Swilivrliuid and 
Tynj'willi fome Mcmliets of the Ai-riSK 
(Jl.L'Ii. 'nurd Edition, ro-drnwn. In oblong 
410. iriOi about 300 lUuatrations, 15.. 

FlQtursB in Tyrol nnd BlBewhere. 
From A Fumllj Sketrli-Book. By LJiu 
name Author. Second Kdition, 4to. with 
insny lllua I rations. Hi. 

'Beaton Traoka; or, Pfu and Fenoil 
Sk(!tohas in Italy. By the same Author. 
With i1 Platia of Skftehrs. Bro. IC. 

The Alpine Club Map of the Cbaiii 

oT Mont Ulani', from an actual Survey in 
1B03— 18C4. By A. Adwis- Keii-lk. 
F.R.G.S. U.A.C. In Chtomolithography on 
I'xtrii JSlout drawing pHJ^er 28in. x 17in. 
prioe 10(. or mounted on uimrw In ■ falding 
caw, 12). ed. 
England to Selhi ; a Narratire of 
Indian Travel. By Juiis Matiie.ws, 
ttliUB""- IVith Ma|. and 82 Woodcut 



Voyages^ qc. 

History of SisooTery in our 

Auatralaaian Colonies, Australia, Taamania, 
and KeiT ZntUnd, fioro the Earliett Date to 
the Present Day. By Williav Howitt. 
2 vols. Hvo. -with 3 Mafs, ao». 

The Capital of the Tycoon ; a 

Narrative of a 3 Years' KEBidencc in Japui. 
By Sir RrTiiKRrcmt) Aliocp:, K.C.B. 
2 voUSto. with numijruus Iltuitratioiu, 42f. 

Guide to the Pyrenees, for the use 

of Mounlainwia. By l.'ii.tr.i.Ea Packb. 

Swond EditioD, nith iia\>s, &o. aod Appen- 
dix. Crown 8ro. 'i. 6d, 

The Alpine Quids. By Jokx Bau.. 

M.B-l.A. iaie Prfddent of the Alpine Ouh. 
Post 8™. with Slaps and oilier lUustntioiu. 

Quids to the Bastem iUpa, rriw lOtM. 

Guide to the Wsatem Alp«, Inclodlnc . 
Mont Blanc, Slonle Ko.vi, Ztrttiatt, &*, 
price d. Sd. \ 

Oliids to the Ceatral Alpa, indudiiv 
aU the Oberl-iad District, pri«! 7*. Bd. 

tatroduotion on Alpine TrareUiiiK in 
general, and on the Geology of the Alpi, 
price l: Either of the Three TolBraei nr 
Parts of the..i;;n'>i>Ciii*i£!nuiybeludiirith 
this I.\TROPUciioN pTefiieil. [ffice U. exlrt. 

Boma Sotteiranea ; or, m AecattBl 

iiml)«, especially of tba 



' of San Callial 



Uoml 



the Works of Comtncndatore G. B. Di Boau, 
by the Rev. J. S. KoBTncoTE, DJ). and the 
Roy. W, B. Biiiin-sLuw. With Plan* and 

numeroui other Illostrationi. 8vo. 3Iji. U, 

Memorials of Iiondon and Irfm- 

don Life in the 13lh, t4th, and Ibtk Cm- 
turiesi being a Serlca of Extracts, Local, 
Sodal, and Political, from the Arduw 
of the City i>( London. a.i>. 1276-Hlt. 
inslaled, and edited by U. T. 



BlL 



r. M.A 



val 8i 



Oommentariea on the History, 

Cunslitutton, and Cliartered Franehisca irf 
the City of London. By GborqK Soxna, 
formerly one of the Coranjun Pleadera of tla 
City of London, 'i'hird Edition, Svo. 14a. 

The ITorthern Heights of I^m- 

don I or, Historical Associations of Hoip- 
stead, Uighsate, Uuswell Hill, nanw^-, 
and laliriKton. By Wiluian UatntT. 
With about ID Woodeuta. Square ovn 

The Rural Life of England. 

Byli.e same Author. With Woodcola ■ 
llewi.;k and Williams. Mediu: 



Visits to Ramarkable Flaoea: 

Oia Halls, BattlcFidiLi, nnd S«nu illus- 
tmUve of suiting Pisugca in Eagliih 
Hlatoiy (nil Pottcy. By Ihr same Author. 
S vola. iqnan crown 8vo. with Wood Eo- 
gnvingit, 86». 



TSaiTOtivd of the EupIirateB Ex- 

peditJDQ corrii'd on by Order of Ihc BriCuli 
GuTvmmenI during Ihe years 1835, 183S, 
■nd 1837. Ej General F. R. CiiEansr, 
F.R.S. With 2 Hapi, 45 Plates, and 16 
Woodcuta. 8vD. 24i. 



Works of Fiction. 



JtOthair. BftUo Right Uoa.B.DisuAELi. 

Cabinet Edilioa (the EIbIiIIi}, complete in 
One Volume, with a rurlcait of the Author, 
and ■ new General Preface. Crown Svo. 
prioe 6i. — By, the game Author, Cabinet 
EiJitioD>,rerlacd, nniform vith ths shore: — 
Ai.Bor ; I.MOM ; (ha 

Isrrn.iAi. Hah- 

RIAUK 1 and Po- 
PAS1I.I.A. Prices*. 



grBii,6i 



Xhe Modern ITovelist's Iiibrary. 

Each Work, in cruwn flvo. complete in a 
St^^e Volume :— 
'V>LTIi.i.E'a GiKAi>TATi>ii!i, ii. lioards ; S>. Bd. 



2i.6A<JoU 

dnih. 



Kit,Si.b(>ardi; 2».Gd. 
AARtea, !: boards; 
it. Sd. hoard;: St. 
:iiTowi:ii=,ii.honrds; 

<£ SiBTEIlS OF TUB 

TaulKYh, Si. boards; 'li. Sd. doth. 

StOTim and Tales by the Author 

of 'Amy Uefbert,' uniform Edition : — 
A*r Hbbbkrt,2«. W. Kathabike Asutoh, 
GntTitiiuE, 2i. Od. _St. ed. 



a. 6d. cloth. 



UARaARET FeRCI- 

Lanbton Pahsos- 
AOB, 4i. ed. 



Dal-ohteh, 

3:6d. 
KEFEUtiiacE or Life, 

b.6d. 
CuvB Hali, 3.. Od. 
Itohb, 3>. Crf. 
A aiimpae of th» World. Fep. 
Jonmal of a Homo Ijifo. Pott 
After Life i nS.qucl to Ihe ■Journal 




1!ba Qiant ; a Witch's Stoc7 fur Eogliak 
Boys. Edited hf Euzareth H. Sewell, 
Author of 'Aniy Herbert,' &c. Fcp. 8vo. 



Tikram and the Vampire; or. 

Tales uf lUndu Devilry. AJaptcd by 
BicnARii F. BuRT.,s, F.K.G.3. &c. With 
33 llluatntioua. Crown Svo. 9s. 



Tales of Anoient Oreeoe. By Qeomir 
W. Co.T, M.A. late Schokr of Trui. CoH. 
OsForrt. Being a coUectiTe Edition of tbo 
Author's Chusicnl Sijiea and Talcf, Com- 
plete in One Tolutne, Crown Sn,. lli. Oi 

Cabiaet EdiUon of irovels and 

Talea by G. J. Whttb Mei,viu.e : — 
The Gi-adiatoks, ai.lHoLMBr IIol-sk, Si, 
Dioov Gbahd, S». Good for Nothiko,8#. 
Kate Covbstbt, 5j. Queeh'b Mabieb. fl*. 
Gevkrai. Bounce, Sf.lTuE LrrKiiPBBTER,Ii«. 

Our Children's Story. By One of 

their Gotsipe. By the Author <it 'Voyage 
en Zigzag,' 4c, SmaU 4to. with Sixty 
lllualrationa by the Author, price [Ot.Gd. 

Wonderful Stories from Norway, 

Sweden, and Icrlaiid. Adapted and arraogtd 
by Jlua GoDDARO. With an Innnductory 
Essay by the Rev. G. W. Coi, U.A. and 
Si.t lllu-itrations. S<|uaie poat Svo. 6t. 
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Poetry and The Drama. 



Thomas Moore's Poetical Works, 

Ibo only Eilidona contAiulnf; Uio Aulhor'a 
lost Copyright Addition;] : — 

Shamitick EdiliDii, price 3i. 6d. 

Rub; Edition, «itb Portnil, 6(. 

Cubinet Editiuo, 10 vols. fcp. 8vo. Sot. 

Feoplo's Edition, Portrait, kr. lOi. Sd. 

Library Edition, Portrait & Vlgnrtl*. !4». 

Moore's Lalla Eookh, TcEQiera Edi- 

liiin, with 68 Wuod " Engtavingii from 
Driginal Dranings and otber 111 lulra lions. 

Moore's Irish Melodies, Maciiae's 

Edition, with IGl Steel Plates from Original 
DrawingB. Supei-royul 8vo. 3U. 6d. 
Ulnlature Bdition of Moore'a Irish 
Aftlndiei. with Miclise's lUiistriitions (as 
mhoTe), reduced iii Lithiigraiihi-. Imp. 
ICmo. ID*, (irf. 

Souther's Poetical Works, with 

ttie Author's last Correciions aiiil fopj-riglit 
Addiliuns. Library Editiun. Medium 8vo. 
with Portrait and VignclU, Hi. 

Xiars of Ancient Borne ; with itity 

and tbe^miiib. By the Kiglit Hon. Lobd 

Xiord HaosolaT'a Iirti of An<dcmt 

Rome. With 90 lUuislrjiIiona on Wood, 
Original and Trom tbo Antiigue, Fro'm 
Drawings by G. Sciiakf. Fcp. 4lo. 21i. 



Goldsmith's Poetical Worha, Ulna. 

troted with Wood Eiijtriiviiiga from Designs 
tiy Members of the Etliiinu (.'llb. " 
IGmo. 7i. Orf. 



Poems, SesoriptiTe and Lyrical. 

By Tlii.«A,i Cox. Kuw Edilion. Fop. 
Bvo. price 5j. 



Madrigals, Songs, and Sonnets. 

ByJoH ■ 



L 



WiLLiAii GosaE. Fcp, 8to. prict 



Poenu. By Jhas Isofcu.w, Finc*nlh 
Kdilion. Fep. 8vo. of. 

Poems by Jean Ingelow. Wiiii 

nearly 100 llluairaliona by Eminent 
Artists, engrai-cd on Wood by Dai.£IEL 

Brotliers. Fcp. 4lo. 2lt. , 

Mopsa the Pairy, By Isur Ikomjiw . 

With Eigbt Ulustraliuns engraved oa W«od. 

Fcp. 8 10. 6j. 



Bowdler's Family Shakspeara, 

ehcapor Genuiuc E<litloo, complete in 1 'ni. 
large type, with 3C Woodcnt Dlustnilisns^ 
price 11.. or in 6 pocket toI*. 3a. 6rf. «ilcli. 

Arundinee OamL Colligit atqne edidit 
H. Dklbv. M.A. Editio Sesia, curavil £L ' 
J. HotKison, U A. Crowd Bro. price Ti. 6dL 

Horatii Opera, Fuuket Edition, with 

carefully conei'ted Text, Marginal Xtter- 
enees,andlntrmlu(.tiod. Ediltd by th« Rev. 
J. E. Vo.soe, iLA. Square I6ma. i». U 
Horatii Opera, Library Edition, wiih 
Copiaufl English Notes, Ma igloal RtAreiWIi 
and Various Readings. Edited bytlie Bet. 
J. E. YoscE. M.A. Svo. -21,. 

The .Sneid of Virgil TmnEliiUil inta 
English Vene. By Joi.s Cosciorolt. UJL 
Corpus Proreuorof Latin in the Unirinity 
otOsford. NewEdilion. Crown 8n>. Sfc 

The Story of Sir Bichard Whit- 

lingion, Thrice Lord Mayor of Luadon, XX. 
1397, l-IOG-T, and 1419. Written in ToM 
and lllostrated by £. C.utR. With EIctn 
Plates. Royal 4(0. Sir. 

Hunting Songs and Misodl^ 

nwns Verses. By R. K. F.oiaiTOa Wab- 
uiRTos. 'Second Edition. Fcp. 8vo. &•. 

Works by Edward Yardlej :— 
Fa-itasiic Sronilw, fcp. 3i. Grf. 

MULVtlSE ANU OTHEB PoEUS, fCp. &fc 
HURACIE'S ObES TK.UiSI.ATEU UlTO EnO' 

Lisii Vbhse, crown 8vi>. 6». 
SUPFUEIIEHTABY STomEs \sa VoaM, 
fcp. 3(. 6d. 



•fiDUiag. 



Rural Sports, ^'c. 



tnoyoloptedla of Boral Sports ; 

■ Complete AccDunt, IlulDiirol. Praelical, 
kod DEKriptire, of Uunling, Shoolia^, 

■KBhing, BaciDR, &c. By D. P. Budie. 

'Wilh ■Imrv Don Wnmli-nU C9n Fmiu DcHgna 

Jbo Dead Shot, or Sportsman'B Com- 
fkle Guide ; ■ Treatise on Ihe Ujw of the 
Gun, Dog-brcaltinK, Pigeon-atiooling, &e, 
BrHABKSXAN. Fcp. nith Plates, S>. 

t Book on Angling; Wng n Com- 

Ijdete TreatiM on tlio Art of Aniflinf;; in 
•rery braneb. Including faU niuatr4ited 
lJ«««ofSalmonFliiM. By Fii*scisFi!AKi is. 
Second Edition, nilh Portrait and 15 utl^i^r 
Flkles. pluin and coloured. Po^it S\-a. Iu>. 

FUeooka's Sea-Fisherman: com- 

tbe Chief Methods of Hook nod Line 
a Ibe British and othrr Scat, n 

J. Second Edition, enlargGd, with 
M Woodcuts. Post Sra. 12i. 6d. 

Ske Fly- Fisher's Entomology. 

By Alfred Rusalds. Wilh coloured 
Bepre»ntiitions of the Sntiirnl and Artifi- 
cial Insect. SiKlh Edition, with -20 coloured 
B«t«». 8vo. I4i. 

JbB Book of the Boach. By Ghe- 

riLLE Fessell, of ' The Field.' Pep. Svo. 
pri«2j. 6d. 
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Bvo. with Illcslrations, 7i. Sd, 



Commerce, Navigation, and Mercantile Affairs. 



Fbe Elements of Banking. By 

"HicdiT DtiMSLHa Hacleok, M.A. ofTri- 
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FirnrroBJji on Honta and Slablea is 

FoKBSt^BBtu'Uof Gnnud 4 

FowLiB's CoQierlea and ColUvn SO 
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